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His Royat HIGHNESS 


CL LOG 


PRINCE oe WALES. 


May it pleaſe your Royal Higbneſs, 


[| Humbly offer the following Expe- 
riments to your Highneſs's patro- 
nage, to protect them from the 
reproaches that the ignorant are apt 
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unreaſonably to caſt on reſearches of 
this kind, notwithſtanding they are 
the only ſolid and rational means 


whereby we may ever hope to make | 


any real advance in the knowledge of 
nature : a knowledge worthy the at- 
tainment of PTINCCS. 


And as Solomon, the greateſt and 
wiſeſt of men, dildained not to in- 
quire into the nature of plants, from 
the cedar in Lebanon, to the hyſſop 
that ſpringeth out of the wall: ſo it 
will not, I preſume, be an unaccept- 
able entertainment to your royal 
highneſs, at leaſt at your leiſure 


hours; but will rather add to the 


pleaſure with which vegetable na- 
ture in her prime verdure charms us: 
to ſce the ſteps ſhe takes in her pro- 
ductions, and the wonderful power 
ſhe therein exerts : the admirable 

pro- 
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proviſion ſhe has made for them, not 
only vigorouſly to draw to great 
heights plenty of nouriſhment from 
the earth ; but alſo more ſublimed 
and exalted food from the air, that 
wonderful fluid, which is of ſuch 
importance to the life of vegctables 
and animals; and which, by infinite 
combinations with natural bodies, pro- 
duces innumerable ſurprizing effects, 
many inſtances of which I have here 


| thewn, 


The ſearching into the works of 
nature, white it delights and inlarges 
the mind, and ſtrikes us with the 
ſtrongeſt aſſurance of the wiſdom and 
power of the divine Architect, in 
framing for us ſo beautiful and well- 


regulated a world, it does at the ſame 
time convince us of his conſtant b:nc- 


yolence and goodneſs towards us. 
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That this great Author of nature 
may ſhower down on you | royal ' 
highneſs an abundance of his bleſ- 
ſings, both ſpiritual and temporal is 
the ſincere prayer of : 


Your Royal Highneſs's 
Moſt Obedient, 


Humble Servant, 


STEPHEN HALES. 
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THE 
„HERE have been within leſs 
than a century, very great and 
uſeful diſcoveries made in the amazing- 
ly beautiful ſtructure and nature of the 
animal economy ; neither have plants 
peſſed unobſerved in this inquiſitive 
age, which has with ſuch diligence ex- 
tended its inquiries, in ſome degree into 
almoſt every branch of nature's inex- 
hauſtible fund of wonderful works. 
We find in the Philoſophical Tranſ- 
actions, and in the Hiſtory of the Royal 
Academy of Sciences, accounts of many 
curious experiments and obſervations 
made from time to time on vegetables, 
by ſeveral ingenious and inquiſitive per- 
ſons: but our countryman Dr. Grew, 


and Malpighi, were the firſt, who, tho 
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in very diſtiant countries, did nearly at 17 
the ſame time, unknown to each other, 
engage in a very diligent and thorough 5 
inquiry into the ſtructure of the veſſels | 
of plants; a province, which till the 
had lain uncultivated. 'They have given 
us very accurate and faithful accounts 
of the ſtructure of the parts, which they 
carefully traced, from their firſt minute 
origin, the ſeminal plants, to their full 
growth and maturity, thro' their roots, 
trunk, bark, branches, germs, ſhoots, 
leaves, bloſſoms and fruit. In all which 
they obſerved an exact and regular ſym- 
metry of parts moſt curiouſly wrought 
in ſuch manner, that the great work of 
vegetation might effectually be carried 
on, by the unitorm co-operation of the 
ieveral parts, according to the different 
oAces aſſigned then by nature. 

Had they fortuned to have fallen into 
this ſtatical way of enquiry, perſons of 
n "Qenr 
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their great application and ſagacity had 
doubtleſs made conſiderable advances 
in the knowlege of the nature of plants. 
This is the only ſure way to meaſure 


the ſeveral quantities of nouriſhment, 


which plants imbibe and perſpire, and 
thereby to ſee what influence the diffe- 
rent ſtates of air have on them. This is 
the likelieſt method to find out the 
ſap's velocity, and the force with 
which it is imbibed : as alſo to eſtimate 
the great power that nature exerts in 


extending and puſhing forth her pro- 
ductions by the expantion of the ſap. 


About twenty years ſince, I made 
ſeveral hæmaſtatical experiments on 
dogs; and fix ycars afterwards re- 
peated the ſame on horſes and other 
animals, in order to find out the real 
force of the blood in the arteries, ſome 
of which are mentioned in the third 
chapter of this book: at which times I 


withed 


. 
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wiſhed I could have made the like ex- 
periments to diſcover the force of the 
ſap in vegetables; but diſpaired of 
ever effecting it, till about ſeven years 
fince, by mere accident I hit upon it, 
while I was endeavouring by ſeveral 
ways to ſtop the bleeding of an old ſtem 
of a vine, which was cut too near the 
bleeding ſeaſon, which I feared might 
kill it. Having, after other means proved 
ineffectual, tied a piece of bladder 
over the tranſverſe cut of the ſtem, I 
found the force of the ſap did 'greatly 
extend the bladder; whence I conclu- 
ded, that if a long glaſs tube were fixed 
there in the ſame manner, as I had be- 
fore done to the arteries of ſeveral living 
animals, I ſhould thereby obtain the 
real aſcending force of the ſap in that 
ſtem, which ſucceeded according to 
my expectation: and hence it is, that I 
have been inſenſibly led on to make 
farther 


re fF 


farther and farther raſearches by varie- 
ty of experiments. 
As the art of phy ſic has of dts years 
been much improved by a greater 
knowledge of the animal economy; fo 
doubtleſs a farther inſight into the ve- 
getable economy muſt needs propor- 
tionably improve our {kill in agricul- 
ture and gardening, which gives me 
reaſon to hope that enquiries of this 
kind will be acceptable to many, who 
are intent upon improving thoſe inno- 
cent, delightful, and beneficial arts: 
ſince they cannot be inſenſible, that the 
moſt rational ground for ſucceſs in this 
laudable purſuit muſt ariſe from a great- 
er inſight into the nature of plants. 
Finding by many experiments in the 
fifth chapter, that the air is plentifully 
inſpired by vegetables, not only at their 
roots, but alſo thro ſeveral parts of their 


trunks and branches; this put me upon 
making 


CS. FARFAGCE 
making a more particular enquiry into 
the nature of the air, and to diſcover, 
if poſſible, wherein its great importance 
to the life and ſupport of vegetables 
might conſiſt; on which account I was 
obliged to delay the publication of the 
reſt of theſe experiments, which were 
read two years ſince before the Royal 
Society, till I had made ſome progreſs 
in this inquiry : an account of which 
have given in the ſixth chapter. 
Where it appears by many chymio- 
ſtatical experiments, that there is dif- 
futed thro” all natural mutually attract- 
ing bodies, a large proportion of parti- 
cles, which, as the firſt great author of 
this important diſcovery, Sir Iſaac 
Newton, obſerves, are capable of being 
thrownoffiromdenſebodies by heat or 
fermentation into a vigorouſly elaſtic 
and permanently repelling ſtate ; and 
alſo of returning by fermentation, and 
2 ſome- 
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ſometimes without it, into denſe bodies: 
it is by this amphibious property of the 
air, that the main and principal ope- 
rations of nature are carried on ; for 
a maſs of mutually attracting particles, 
without being blended with a due pro- 
portion of elaſtic repelling ones, would, 


in many caſes, ſoon coaleſce into a ſlug- 


giſh lump. It is by theſe properties of 
the particles of matter, that he ſolves 
the principal phænomena of nature. 
And Dr. Friend has from the ſame 
principles given a very ingenious ratio- 
nale of the chief operations in chymiſtry. 
It is therefore of importance to have 
theſe very operative properties of natu- 
ral bodies further aſcertained by more 
experiments and obſervations: and it 
is with ſatisfaction, that we ſee them 
moreand more confirmed to us, by every 
farther inquiry we make, as the follow- 
ing experiments will plainly prove, by 

ſnewing 


| 
l 


vii PREFACE. 
ſhewing how great the power of the at- 
traction of acid ſulphureous particles 
muſt be at ſome little diſtance from the 
point of contact, to be ahle moſt readily 
to ſubdue and fax elaſtic aereal parti- 
cles, which repel with a force ſyperiar 
to vaſt incumbent preſſures : which 
particles. we fand are thereby changed 
from a ſtrongly repelling, to as ſtrongly 
an attracting ſtate : and that elaſti- 
city is no immutable property of air, 
is further evident from theſe experi- 
ments; becauſe it were impoſſible for 
ſuch great quantities of it to be confined 
in the ſubſtances of animals and vege- 
tables, in an elaſtic ſtate, without 
rending their conſtituent parts with a 
vaſt exploſion. 
I have been carcful in making, and 
faithful in relating the reſult of theſe 
experiments; and with I could be as 


happy in drawing the proper inferences 


from 
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from them. However I may fall ſhort 
at firſt ſetting out in this ſtatical way 
of inquiring into the nature of plants, 
yet there is good reaſon to believe, that 
confiderable advances in the knowledge 
of their nature may, in proceſs of time, 
be made by reſearches of this kind. 
And I hope the publication of this 
ſpecimen of what I have hitherto done, 
will put others upon the ſame purſuits, 
there being, in ſo large a field, and 
among fuch innumerable variety of 
ſubjects, abundant room for many heads 
and'hands to be employed in the work : 
for the wonderful and ſecret operations 
of nature are ſo involved and intricate, 
ſo far out of the reach of our ſenſes, as 
they preſent themſelves to us in their na- 
tural order, that it is impoſſible for the 
moſt ſagacious and penetrating genius 
to pry into them, unleſs he will beat the 
pains of analyſing nature by a numerous 


and 
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and regular ſeries of experiments, which 
are the only ſolid foundation whence 
we may reaſonably expect to make any 
advance in the real knowledge of the 
nature of things. 

I muſt notomit here publicly to ac- 
knowledge, thatIhavein ſeveral reſpects 
beenmuch obliged to my late ingenious 
and learned neighbour and friend Ro- 
bert Mather, ofthe Inner-Temple, Eſq ; 
for his aſſiſtance herein. 


Whereas ſome complain, that they do not under- 

ſtand the fignification of thoſe ſhort ſigns or 
characters, which are here made uſe of in many 
of the calculations, and which are uſual in 
algebra; this mark + fignifies more, or to be 
added to. Thus page 18, line 4, 6 ounces +240 
grains, is as much as to ſay, 6 ounces more by 
or to be added to 240 grains, And in line 16, 
of the ſame page, this mark x or croſs, ſigni- 
fies mu'tiplied by , the two ſhort parallel lines 
ſignify equal to; thus 1820 X4 = 7280 : 1, is 
as much as to ſay, 1820 multiplied by 4 equal to 
7280 101. 
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\ HE farther reſearches we make in- 
to this admirable ſcene of things, 
the more beauty and harmony we 

ſee in them: and the ſtronger and clearer 


convictions they give us, of the being, power 


and wiſdom of the divine Archite&, who 
has made all things to concur with a won- 
dertul conformity, in carrying on, by va- 
rious and inhumerable combinations of mat- 
ter, ſuch a circulation of cauſes and effects, 
as was neceſſary to the great ends of na- 
ture. 5 
And ſince we are aſſured that the all wiſe 
Creator has obſerved the moſt exact propor- 
tions of number, weight, and meaſure, in the 
make of all things; the moſt likely way, 
therefore, to get any inſight into the na- 
ture of thoſe parts of the creation, which 
M_ come 
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come within our obſervation, muſt in all 
reaſon be to number, weight, and meaſure. 
And we have much encouragement to pur- 
ſue this method of ſearching into the nature 
of things, from the great ſucceſs that has 
attended any attempts of this kind. 

Thus, in relation to thoſe planets which 
revolve about our ſun, the great philoſo- 
pher of our age has, by numbering and 
meaſuring, diſcovered the exact proportions 
that are obſerved in their periodical revo- 
lutions and diſtances from their common 
centres of motion and gravity: and that 
God has not only comprebended the duſt 
of the earth in à meaſure, and weighed the 
mountains in ſcales, and the bills in a balance, 
Ifai. xl. 12. but that he alſo holds the vaſt 
revolving globes of this our ſolar ſyſtem 
moſt exactly poiſed on their common centre 
of gravity. 

And if we reflect upon the diſcoveries 
that have been made in the animal aco- 
nomy, we ſhall find that the moſt conſider- 
able and rational accounts of it have been 
chiefly owing to the ſtatical examination 
of their fluids, via. by inquiring what quan- 
tity of fluids, and ſolids diſſolved into fluids, 
the 
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the animal daily takes in for its ſupport 
and nouriſhment: and with what force, 
and different rapidities, thoſe fluids are car- 
ried about in their proper channels, accord- 
ing to the different ſecretions that are to be 
made from them: and in what proportion 
the recrementitious fluid is conveyed away, 
to make room for freſh ſupplies; and what 
portion of this recrement nature allots to be 
carried off, by the ſeveral kinds of emunc- 
tories and excretory ducts, 

And ſince in vegetables, their growth, and 
the preſervation of their vegetable life, is 
promoted and maintained, as in animals, 
by the very plentiful and regular motion 
of their fluids, which are the vehicles or- 
dained by nature to carry proper nutriment 
to every part; it is therefore reaſonable to 
hope, that in them alſo, by the ſame me- 
thod of inquiry, conſiderable diſcoveries 
may in time be made, there being, in many 
reſpects, a great analogy between plants and 
animals, 
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CHAP. I. 


Experiments, ſhewing the quantities imbibed 
and perſpired by plants and trees, 


EXPERIMENT I. 


UL 3, 1724, in order to find out the 
quantity . imbibed and perſpired by the 
ſun- flower, I..took a garden-pot (Fig. 1.) 
with a large ſun-flower, a, 3 feet ++ high, 
which was. -purpoſely planted in it when 
young; it was of the large annual kind, 

I covered the pot with a plate of thin 
milled lead, and cemented all the joints faſt, 
ſo as no vapour could paſs, but only air, thro” 
a ſmall glaſs tube d, nine inches long, which 
was fixed purpoſely near the ſtem of the 
plant, to make a free communication with 
the outward air, and that under the leaden 
plate. | 
I cemented alſo another ſhort glaſs tube 
g into the plate, two inches long, and one 
inch in diameter. Thro' this tube I watered 
the plant, and then ſtopped it up with a 
cork ; I ſtopped up alſo the holes 7, /, at the 
bottom of the pot with corks, 

Il weighed 
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I weighed this pot and plant morning 
end evening, for fifteen ſeveral days, from 
July 3, to Aug. 8, after which I cut off the 
plant cloſe to the leaden plate, and then 
covered the ſtump well with cement; and 
upon weighing found there perſpiced thro' 
the unglazed porous pot two ounces every 
twelve hours day; which being allowed in 
the daily weighing of the plant and pot, I 
found the greateſt perſpiration of twelve 
hours in a very warm dry day, to be one 
pound fourteen ounces ; the middle rate of 
perſpiration one pound four ounces. The 


_ perſpiration of a dry warm night, without 
any ſenſible dew, was about three ounces ; 


but when any ſenſible, tho' ſmall dew, then 
the perſpiration was nothing; and when a 
large dew, or ſome little rain in the night, 
the plant and pot was increaſed in weight 
two or three ounces. N. B. The weights 
I mage uſe of were avoirdupoiſe werghts. 

I cut off all the leaves of this plant, and 
laid them in five ſeveral parcels, according 
to their ſeveral ſizes; and then meaſured 
the ſurface of a leaf of each parcel, by lay- 
ing over it a large lattice made with threads, 


in which the little ſquares were: of an inch 


B 3 each ; 
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each ; by numbering of which I had the ſur- 


face of the leaves in ſquare inches, which, 
multiplied by the number of the leaves in 
the 2 parcels, gave me the area 
of all the leaves; by which means I found 
the ſurface of the whole plant, above ground, 
to be equal to 5616 ſquare inches, or 39 
{ſquare feet. 

I dug up another ſun-flower, nearly of 
the ſame ſize, which had eight main roots, 
reaching fifteen inches deep and ſideways 
from the ſtem : it had beſides a very thick 
buſh of lateral roots, from the eight main 
roots, which extended every way in a he- 
miſphere, about nine inches from the ſtem 
and main roots. 

In order to get an eſtimate of the length 
of all the roots, I took one of the main roots, 
with its laterals, and meaſured and weighed 
them; and then weighed the other ſeven 
roots, with their laterals; by which means 
I found the ſum of the length of all the 
roots to be no leſs than 1448 feet. 

And ſuppoſing the periphery of theſe 
roots, at a medium, to be 0.131 of an inch, 
then their ſurface will be "2656 ſquare 
inches, or 15.8 ſquare feet; that is equal 

to 
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to 0.4. of the ſutface of the plant above 
ground. 

If, as above, twenty ounces of water, at 
a medium, perſpired in twelve hours day, 
(i. e.) thirty-four cubick inches of water, (a 
cubick inch of water weighing 2 54 grains) 
then the thirty-four cubick inches divided 
by the ſurface of all the roots, is = 2286 
ſquare inches; (i. e.) 22 is ; this gives 
the depth of water imbibed by the whole 
ſurface of the roots, viz. r part of an 
inch. 


And the furface of the plant above ground 
being 5616 ſquare inches, by which divide- 
ing the 34 cubick inches, viz. ug ri, 
this gives the depth perſpired by the whole 
ſurface of the plant above ground, wiz. 57 
part of an inch, 

Hence, the velocity with which water 
enters the ſurface of the roots to ſupply the 
expence of perſpiration, is to the velocity 
with which their ſap perſpires, as 165: 67, 
or as : 557, Or nearly as 5: 2. 

The area of the tranſverſe cut of the mid- 
dle of the ſtem is a ſquare inch; therefore 
the areas, on the ſurface of the leaves, the 
roots and ſtem, are 5616, 2276. 1, 
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The velocities in the ſurface of the leaves, 
roo, and tranſverſe cut of the ſtem, are 


gained by a reciprocal proportion of the ſur- 
faces. 


S leaves g 5616 E= ne c 755inch 
8 Sles 2227008 — * - = inch 
ſtew = 118 ? L34 inch, 


Now, their perſpiring 3 4 cubick inches in 
twelve hours day, there muſt ſo much paſs 
thro' the ſtem in that time; and the velocity 
would be at the rate of 34 jnches in twelve 

hours, if the ſtem were quite hollow. 

In order therefore to find out the quan- 
tity of ſolid matter in the ſtem, July 27th at 
7. 4. m. I cut up even with the ground a 
ſun-flower ; it weighed 3 pounds; in thirty 
days it was very dry, and ow waſted in all 
2 pounds 4 ounces; that is + of its whole 
weight: ſo here is a fourth part left for 
ſolid parts in the ſtem, (by throwing a piece 
of green ſun-flower tem! into water, I found 
it very near of the ſame ſpecifick gravity 
with water) which filling up ſo much of the 
ſtem, the velocity of the ſap muſt be in- 
creaſed proportionably, big. 3 part more, (by 

reaſon 
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reaſon of the reciprocal proportion) that 34 
cubick inches may paſs the ſtem in twelve 
hours ; whence its velocity in the ſtem will 
be 45+ inches in twelve hours, ſuppoſing 
there be no circulation, ner return of the 
ſap downwards. 

If there be added to 34, (which is the leaſt 
velocity) + of it = 1 1+, this gives the greateſt 
velocity, v:Z. 455. The ſpaces being as 3: 4. 
the velocities will be 4 : 3 :: 45+: 34. 

But if we ſuppoſe the pores in the furface 
of the leaves to bear the ſame proportion 
as the area of the ſap veſſels in the ſtem do 


to the area of the ſtem; then the velocity. 


both in the leaves, root, and ſtem, will be 
increaſed in the fame proportion. 


A pretty exact account having been taken 


of the weight, fize, and ſurface of this 
plant, and of the quantities it has imbibed 
and perſpired, it may not be improper here 
to enter into a compariſon of what is taken 
in and perſpired by a human body, and this 
plant, 

The weight of a well-ſized man is equal 
to 160 pounds: the weight of the ſun- 
flower is 3 pounds; fo their weights are to 
each other as 160: 3, or as 53: 1. 

The 
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The ſurface of ſuch human body is equal 
to 15 ſquare feet, or 2160 ſquare inches. 

The ſurface of the ſun-flower is 5616 
ſquare inches ; ſo its ſurface is, to the ſurface 
of a human body, as 26 : 10. 

The quantity perſpired by a man in twenty- 
four hours is about 31 ounces, as Dr. Keill 
found. Vid. Medic. Stat. Britan. p. 14. 

The quantity perſpired by the plant, in 
the ſame time, is 22 ounces, allowing two 
ounces for the perſpiration of the beginning 
and ending of the night in July, viz. after 
evening, and before morning weighing, juſt 
before and after night. | 

So the perſpiration of a man to the ſun- 
flower is as 141: 100. 

Abating the fix ounces of the thirty-one 
ounces, to be carried off by reſpiration from 
the lungs in the twenty-four hours; (which 
I have found by certain experiment to be ſo 
much, if not more) the twenty-five ounces 
multiplied by 438, the number of grains 
in an ounce avoirdupois, the product is 
10950 grains; which divided by 2 54, the 
number of grains in a cubick inch of water, 
gives 4.3 cubick inches perſpired by a man : 
which divided by the ſurface of his body, 

I | vi. 
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viz. 2160 ſquare inches, the quotient is near- 
ly Ic part of a cubick inch perſpired off a 
ſquare inch in twenty-four hours, Therefore 
in equal ſurfaces, and. equal times, the man 
perſpires 77, the plant , or as 50: 15. 

Which exceſs in the man is occaſioned 
by the very different degrees of heat in each: 
for the heat of the plant cannot be greater 
than the heat of the circumambient air, 
which heat in ſummer is from 25 to 35 de- 
grees above the freezing point, (vide Exp. 
20.) but the heat of the warmeſt external 
parts of a man's body is 54 ſuch degrees, 
and the heat of the blood 64 degrees; 
which is nearly equal to water heated to 
ſuch a degree as a man can well bear to hold 
his hand in, ſtirring it about; which heat is 
ſufficient to make a plentiful evaporation. 

Qu. Since then the perſpirations of equal 
areas in a man and a ſun- flower, are to each 
other as 165: 50, or as 3 4: 1; and ſince the 
degrees of heat are as 2: 1, muſt not the ſum 
or quantity of the areas of the pores lying 
in equal ſurfaces, in the man and ſun- flower, 
be as 13: 1? for it ſeems that the quantities 
of the evaporated fluid will be as the degrees 
of heat, and the ſum of the areas of the 
pores, taken together. Dr. 
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Dr. Keill, by eſtimating the quantities of 
the ſeveral evacuations of his body, found 
that he eat and drank every 24 hours, 4. 
Dounds 10 ounces. - 

The ſun-flower imbibed and perſpired in 
the ſame time 22 ounces ; ſo the man's food, 
to that of the plant, is as 74 ounces to 22 
OUNCES, or as 7: 2. 

But compared bulk for bulk, the plant im- 
bibes 17 times more freſh food than the man: 
for deducting 5 ounces, which Dr. Keill al- 
lows for the feces alvi, there will remain 4 
pounds 5 ounces of freſh liquor, which en- 
ters a man's veins; and an equal quantity 
paſſes off every 24 hours. Then it will be 
found, that 17 times more new fluid enters 
the ſap-veſlels of the plant, and paſſes off in 
24 hours, than there enters the veins of a 
man, and paſles off in the ſame time. 

And fince, compared bulk for bulk, the 
plant perſpires ſeventeen times more than 
the man, it was therefore very neceſſary, by 
giving it an extenſive ſurface, to make a large 
proviſion for a plentiful perſpiration in the 
plant, which has no other way of dif- 
charging ſuperfluities ; whereas there is pro- 
viſion made in man, to carry off above 


half 
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half of what he takes in, by other eva- 
cuations. 

For ſince neither the ſurface of his body 
was extenſive enough to cauſe ſufficient ex- 
halation, nor the additional reek, ariſing 
from the heat of his blood, could carry off 
above half the fluid which was neceſſary to 
be diſcharged every 24 hours; there was a 
neceſſity of providing the kidneys, to per- 
colate the other half through. 

And whereas it is found, that 17 times 
more enters, bulk for bulk, into the ſap-veſ- 
ſels of the plant, than into the veins of a man, 
and goes off in 24 hours: one reaſon of 
this greater plenty of freſh fluid in the vege- 
table than the animal body, may be, becauſe 
the fluid which is filtrated thro' the roots im- 
mediately from the earth, is not near fo full 
freighted with nutritive particles as the chyle 
which enters the lacteals of animals; which 
defect it was neceſſary to ſupply by the en- 
trance of a much greater quantity of fluid. 

And the motion of the ſap is thereby much 
accelerated, which in the heartleſs vegetable 
would otherwiſe be very ſlow; it having 
probably only a progreſſive and not a circu- 
lating motion, as in animals. 

| Since 
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Since then a plentiful perſpiration is found 
ſo neceſſary for the health of a plant or tree, 
it is probable that many of their diſtempers 
are owing to a ſtoppage of this perſpiration, 
by inclement air, | 

The perſpiration in men 1s often ſtopped 
to a fatal degree ; not only by the inclemen- 
cy of the air, but by intemperance, and vio- 
lent heats and colds. But the more tempe- 
rate vegetables perſpiration can be ſtopped 
only by inclement air ; unleſs by an un- 


kindly foil, or want of genial moiſture, it is 


As Dr. Keill obſerved in himſelf a con- 
ſiderable latitude of degrees of healthy per- 
ſpiration, from a pound and a half to 3 pounds; 
I have alſo obſerved a healthy latitude of 
perſpiration in this ſun-flower, from 16 to 
28 ounces, in twelve hours day. The more 
it was watered, the more plentifully it per- 
ſpired, (ceteris paribus) and with ſcanty wa- 
tering the perſpiration much abated, 


EXPERIMENT II. 


From July 3*. to Aug. 30. I weighed 
for nine ſeveral mornings and evenings a 
middle- 


deprived of proper or ſufficient nouriſhment. . 
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middle-fized cabbage plant, which grew in 
a garden pot, and was prepared with a leaden 
cover, as the ſun-flower, Exper. 1//. Its 
greateſt perſpiration in twelve hours day 
was 1 pound g ounces ; its middle perſpira- 
tion 1 pound 3 ounces,=3 2, 7 cubick inches. 
Its ſurface 2736 ſquare inches, or 19 ſquare 
feet. Whence dividing the 432 cubick inches 
by 2736 ſquare inches, it will be found 
that a little more than the g of an inch 
depth perſpires off its ſurface in twelve hours 
day. 

"The area of the middle of the cabbage 
ſtem is 27 of a ſquare inch; hence the ve- 
locity of the ſap in the ſtem is, to the ve- 
locity of the perſpiring ſap on the ſurface 
of the leaves, as 2730: +573 :: 4268: 1. 


for 2 — 426 8. 


ance is to be made for the ſolid parts of the 
ſtem, (by which the paſſage is narrowed) the 

velocity will be proportionably increaſed. 
The length of all its roots 470 feet, their 
periphery at a medium r of an inch, hence 
their area will be 2 56 ſquare inches nearly; 
which being ſo ſmall in proportion to the 
area of the leaves, the ſap muſt go with 
above 


But if an allow- 
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above ten times the velocity through th6 
ſurface of the roots, that it does through the 
ſurface of the leaves. 

And ſetting the roots, at a medium, at 12 
inches long, they muſt occupy a hemiſphere 
of earth two feet diameter, that is, 2.1 cu- 
bick feet of earth. | 

By comparing the ſurfaces of the roots of 
plants, with the ſurface of the ſame plant 
above ground, we fſce the neceſſity of cut- 
ting off many branches from a tranſplanted 
tree: for if 256 ſquare inches of root in 
ſurface was neceſſary to maintain this cab- 
bage in a healthy natural ſtate : ſuppoſe, upon 
digging it up, in order to tranſplant, half the 
roots be cut off, (which is the caſe of moſt 
young tranſplanted trees) then it is plain, that 
but half the uſual nouriſhment can be car- 
ried up through the roots on that account; 
and a very much leſs proportion on account 
of the ſmall hemiſphere of earth the new 
planted ſhortened roots occupy ; and on ac- 
count of the looſe poſition of the new turn- 
ed earth, which touches the roots at firſt 
but in few points. This (as well as experi- 
ence) ſtrongly evinces the great neceſſity of 


well watering new plantations. | 
Which 
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Which yet muſt be done with caution ; for 
the ſkilful and ingenious Mr, Philip Miller, 
F. R. S. gardener of the botanick garden at 
Chelſea, in his very uſeful Gardeners Dicti- 
onary, ſays, © As to the watering of all new- 
* planted trees, I ſhould adviſe it to be done 
« with great moderation, nothing being 
* more injurious to them than over-water- 
«« ing them. Vide Planting.” And I ob- 
ſerved, that the dwarf pear-tree, whoſe root 
was ſet in water, in Exper. 7. decreaſed very 
much daily in the quantity imbibed ; vlg. 
becauſe the ſap-veſſels of the roots, like 
thoſe of the cut-off boughs, in the ſame 
experiment, were ſo ſaturated and clogged 
with moiſture, by ſtanding in water, that 
more of it could not be drawn up to ſup- 
port the leaves. 


EXPERIMENT III. 


From July 28, to Aug, 25, I weighed 
for twelve ſeveral mornings and evenings, a 
thriving vine growing in a pot; I was fur- 
niſhed with this and other trees, from his 
majeſty's garden at Hampton- court, by the 


favour of the eminent Mr, Wiſe, This 
C vine 


„ 
- 456 F * p * 
- 
% 4 * 
. — 
ww) 


18 VEGETABLE STATICKS. 


vine was prepared with a cover, as the ſun- 
flower was. Its greateſt perſpiration in 12 
hours day, was 6 onnces + 240 grains; its 
middle perſpiration 5 ounces + 240 grains 
= to r cubick inches. 

The ſurface of its leaves was 1820 ſquare 
inches, or 12 ſquare feet + 92 ſquare 
inches; whence dividing 9; cubick inches, 
by the arca of the leaves, it is found that 
15 part of an inch in depth, perſpires off in 
12 hours day. 

The area of a tranſverſe cut of its ſtem, 
was equal to + of a ſquare inch; hence the 
ſap's velocity here, to its velocity on the ſur- 
face of the leaves, will be as 1820 X 4= 
7280: 1. Then the real velocity of the ſap's 
motion in the ſtem is = 7,7 = 38 inches 
in twelve hours. 

This is ſuppoſing the ſtem to be a hollow 
tube ; but by drying a large vine-branch, (in 
the chimncy corner) which I cut off in the 
bleeding ſeaſon, I found the ſolid parts were 
of che ſtem ; hence the cavity thro' which 
the ſap paſſes, being ſo much narrowed, its 
velocity will be 4 times as great, 9:2. 192 
inches in 12 hours, 


But 
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But it is further to be confidered, that if 
the ſap moves in the form of vapour, and 
not of water, being thereby rarefied, its ve- 
locity will be increaſed in a direct propor- 
tion of the ſpaces, which the fame quan- 
tity of water and vapour would occupy : 
and if the vapour is ſuppoſed to occupy 10 
times the ſpace which it did when in the 
form of water, then it muſt move ten times 
faſter ; ſo that the ſame quantity or weight 
of each may paſs in the ſame time, thro” 
the ſame bore or tube: and ſuch allow- 
ance ought to be made in all theſe calcu- 
lations concerning the motion of the ſap in 

+ vegetables. 
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EXPERIMENT IV. 


From July 29, to Aug. 25, I weighed 
for 12 ſeveral mornings and evenings, a pa- 
radiſe flock apple-tree, which grew in a 
garden pot, covered with lead, as the ſun- 
flower: it had not a buſhy head full of 
leaves, but thin ſpread, being in all but 163 
leaves, whoſe ſurface was equal to 1589 
ſquare inches, or 11 ſquare feet + 5 ſquare 
inches. 
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The greateſt quantity it perſpired in 12 


hours day, was 11 ounces, its middle quan- 
tity 9 ounces, or 15, cubick inches. 

The 15+ cubick inches perſpired, divided 
by the ſurface 1589 ſquare inches, gives the 
depth perſpired off the ſurface in 12 hours 
day, viz. 557 of an inch. 

The area of a tranſverſe cut of its ſtem, 7 
of an inch ſquare, whence the ſap's velocity 
here, will be to its velocity on the ſurface of 
the leaves, as 1589 X 4 = 6356: 1. 


EXPERIMENT V. 


From July 28, to Aug. 25, I weighed for 
10 ſeveral mornings and evenings a very 
thriving /emon-tree, which grew in a gar- 
den pot, and was covered as above : its great- 
eſt perſpiration in 12 hours day was 8 ounces, 
its middle perſpiration 6 ounces, equal to 
10 cubick inches. In the night it perſpired 
ſometimes half an ounce, ſometimes nothing, 
and. ſometimes increaſed 1 or 2 ounces in 
weight by large dew or rain. 

The ſurface of its leaves was 2557 
ſquare inches; or 17 ſquare feet + 109 
ſquare inches; dividing then the 10 cubick 
inches perſpired by this ſurface, gives the 

depth 
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depth perſpired in 12 hours day, viz, 221 
of an inch, 

(757 in the vine in 12 
hours day. 


and a night. 


1 % in a ſun-flower, 
So the ſeveral fore. | in a day and night. 


going perſpirations 4 i in a cabbage, in 12 
in equal areas are, 
hours day. 


Ter in an apple-tree, 
in 12 hours day. 
rut in a lemon: tree, 
Lin 12 hours day. 

The area of the tranſverſe cut of the ſtem 
of this lemon-tree was = 1 44 of a 
ſquare inch; hence the ſap's velocity here, 
will be to its velocity on the ſurface of the 


leaves, as 1768 : 1 for . 17. 


| 


This is ſuppoſing the whole ſtem to be a hol- 
low tube ; but the velocity will be increaſed 
both in the ſtem and in the leaves, in propor- 
tion as the paſſage of the ſap is narrowed by 
the ſolid parts. 

By comparing the very different degrees 
of perſpiration, in theſe 5 plants and trees, 

| C 3 We 


|; in a man, in a day 
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we may obſerve, that the lemon · tree, which 
is an ever- green, perſpires much leſs than the 
ſun- flower, or than the vine or the apple- 
tree, whoſe leaves fall off in the winter; 
and as they perſpire leſs, ſo are they the 
better able to ſurvive the winter's cold, 
becauſe they want proportionably but a very 
ſmall ſupply of freſh nouriſhment to ſup- 
port them; like the exanguous tribe of 
animals, frogs, toads, tortoiſes, ſerpents, 
inſefts, &c. which, as they perſpire little, 
ſo do they live the whole winter without 
food. And this I find hold true in 12 
other difterent ſorts of evergreens, on 'which 
J have made experiments. 
The above-mentioned Mr. Miller made 
the like experiments in the botanick-gar- 
den at Chelſea, on a plantain-tree, an aloe, 
and a paradiſe apple-tree ; which he weigh- 
ed morning, noon, and night, for ſeveral 
ſucceſſive days. I ſhall here inſert the diaries 
of them, as he communicated them to me, 
that the influence of the different tempera- 
tures of the air, on the perſpiration of theſe 
plants, may the better be ſcen. 
The pots which he made uſe of were 
glazed, and had no holes in their bottoms as 
garden 
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garden pots uſually have; ſo that all the 
moiſture, which was wanting in them upon 
weighing, muſt neceſſarily be imbibed by 
the roots of thoſe plants, and thence per- 
ſpired off thro' their leaves. 


A diary of the perſpiration of the muſa arbor, 
or plantain-tree of tbe Weſt-Indies. The 
whole ſurface of the plant was 14 ſquare 
feet, 8 ++ inches. The different degrees © 
of heat of the air are here noted by the 
degrees above the freezing point in my 
thermometer, deſcribed in Exper. 20. 


1726{Weight!| +3 [Weight] Weighiſ = | N. B. This plant 
f a % 8 at 12 > at © > =» 11 6, 83 
May.| Morn.'3 | Noon |5 | Even. 13 [CC fte fiove wa 
pd. ou. [pd. ou. pd. ou. * 
17 38 5 [31 138 © 138 [37 14 34 | Ahot clear day. This 
18 37 15 [29 [37 52/45 [37 3131 [morning ——— 
ary ro Water a 
| — of eve 
| leaf, and — ma = 
| | | ſerve that it — F rod 
very much this day. 
19 137 4 132 437 2 1335 37 © [31 | Ancxtremeor cla 
ay. 
Ss [3 10 30 [37 © [50 136 15 [44 een 
| | | ot water poured into - 
| | | | | — e — of 1 
un and clouds, 
22 36 14 31 | 36 112 35 — Rnorolh N 
3 | my 1 2 6 | and hail at a diftance, b 
23 g 1 3 * 5 5 37 * dut no | 


This evening 12 ounces of water were pour:d into the pot; and it was 
removed from the ſtove into a cool room, where it had a free air, but no 


fun, the windows being nortk-weſt. 


C 4 


Calm 
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1726|We'ght| 3 |Weight| Weight g 
ato |» at 123 | at 63 
May.] Morn.| 5 Noon. B | Even. 2 
pd. ou. pd. ou. pd. ou. 
24 [37 co 27 [37 oo [274136 155/253|Calmcloudy weather, 
2; [37 oo [213136 147]26 [35 13 [3 A pretty clear day. 
25 [35 12 22 [36 11 [25 [35 10 [24 |A hot day. 
27 146 107123 [36 6/]265135 6 254A very hot day. 
28 2 6 122136 2 5 1123 | Some rain and cloudy. 
e s þ 5176 5 Ae een — 
leaves of the plant be- 
| gantowither anddecay; 
and the top leaf to un- 
fold, and ſpreadabroad; 
but they are obſerved 
nevertogrow biggeraf- 
| tertheyarefullyopened. 
29 135 2 f |:6 2731-12136 122 A temperate day. 
June. not very clear. 
3; Is 18 5 144/0435 132 18 [Somerain. The whole 
I plant begins to change 
colour, and a 
ſickly. _ 
5 1 . He then removed the 
S "135 29 eee ener plant into the ſtove 
again in order to re- 
cover it; but it con- 
tinued to fade and in 
1 | 11. . ]> or 3 days died. 
25 10 [287135 4 [3 [35 15134 [A cooland cleudy day. 
4 135 OO 1-0 [34 14 31 [5+ MI ** Awarm day; and the 
| whole plant decayed. 


We may obſerve from this diary, that 
this plant, when in the ſtove, uſually per- 
ſpired more in fix hours before noon than 
in fix hours after noon ; and that it perſpired 
much leſs in the night, than in the day time: 
and ſometimes increaſed in weight . in the 
right, by imbibing the moiſture of the 
ambient air; and that both in the ſtove and 


in 
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in the cool room. Upon making an eſtimate 
of the quantity perſpired off a ſquare inch of 
this plant, in 12 hours day, it comes but to 
A of a cubick inch, on the 18th day of 
May, when by far its greateſt perſpiration was; 
for on ſeveral other days it was much leſs. 


Diary of the aloe africana cauleſcens 
foliis ſpinois, maculis ab utraque parte al- 
bicantibus notatis, Commelini Hort. Amt. 
confironly called the Carolina aloe, Ir 
was a large plant of its kind. It flood 
in a glaſs-caſe, which had a ſouth aſpect 


without a fire. 
$706 Wergnt —J [Weight] [Weight| 
| at o |5 at 12 [fat o |3 
May.] Morn. Noon [3 Night. 3 
pd. ou. / : 
1841 6 35 41 22136 [41 3 305 


1c|41 13128340 14 [313140 12 30 

2c[40 122070 40 10 |;1 40 8: 294 

21040 53127 40 643130 [49 54/8 ; { 
22040 6 25440 54/29 [40 4 273 This evening pro- 


miſing ſome rain, he 
| ſet the pot out to re- 
ceivea little; and then 
wiping the leaden fur- 
| nace of the pot dry, 
he ſet it into the glaſs- 
| caſe again. 
2:141 10 [24-41 6£<]2 I 27} Now the pot broke, 
. 12 „ 7 and hindered any fur- 
| ther obſervations, 


We may obſerve, that this aloe increaſed 
in weight moſt nights, and perſpired moſt in 
the morning. A diary 


2 
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A diary of a ſmall paradiſe-apple, with one 
upright flem 4 feet high ; and two ſmall 
lateral branches about 8 inches long. Thrs 
Plant flood under à cover of wood, which 
was open on all fides. | 


7 | | | 
May. 
18137 4 | 1137 3 22 1 20 

19137 1 71036 14 [21 36 13419 Sea. 
2006 12 [18:]35 10 2; [36 g [207 and become ſpeckled 

21026 7 |:- 136 5 106 4 [zo (for want & des. 
22): 31188745 4 13 2 2 plant into the ſtove, to 
1 - try what eſſect that 
| would have on its 

perſpiration, WP 
WR At this time theicaves 
* 36 os woe (35 8 72665 52 312 were withered with the 
| | | heat, and hung down 
g 6 as it they would tallofi. 
25}: 4 322 I *r oo (fo | Ar this time ſeveral! 
5 hs 5 ot the leaves began to 

| | [all of 

6 82 62 All the leaves fallen 
20 34 91 5234 5234 134 1 32 ſoff, excert a few tmall 
27 33 72128 | ones, at the extremitics 


of the branches which 
had put out, ſince the 
| plant uas in the ſtove. 

he earth it ſtood in 
| | | * was very moiſt all the 


2 


In October 172 5, Mr. Millar took up an 
African briony-rcot, which when cleared 
from the mould, weighed eight ounces 2; 
he laid it on a ſhelf in the ſtove, where it 
remained till the March following ; when 
upon weighing he ſound it had Joſt of its 


weight, 


> Sada 
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weight. In April it ſhot out 4 branches, 
two of which were 37 feet long, the other 
two were one of them 14 inches, the other 
9 inches, in length: theſe all produced 
fair large leaves. It had loſt 14 ounce in 
weight, and in three weeks more it loſt 
2. ounces more, and was much withered, 


EXPERIMENT VI. 


Spear-mint being a plant that thrives moſt 
kindly in water, (in order the more ac- 


cCurately to obſerve what water it would 


imbibe and perſpire by night and day, in 
wet or dry weather) I cemented at 7 a plant 
of it , into the inverted ſyphon 7 y x 6 
(Fig. 2.) The ſyphon was + inch diam. at 5, 
but larger at r. 

I filled it full of water, the plant imbibed 
the water ſo as to make it fall in the 
day (in March) near an inch and half from 
5 to t, and in the night: inch from 7 to i: 
but one night, when it was ſo cold, as to 
make the thermometer ſink to the freezing 
point, then the mint imbibed nothing, but 
hung down its head; as did alſo the young 
beans in the garden, their ſap being great- 


ly 
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ly condenſed by cold. In a rainy day the 
mint imbibed very little. 

I purſued this experiment no farther, Dr. 
Woodward having long ſince, from ſeveral 
curious experiments and obſervations, given 
an account in the Philoſophical Tranſactions 
of the plentiful perſpirations of this plant. 


EXPERIMENT VII. V 

In Auguſt, I dug up a large dwarf pear 
tree, which weighed 71 pounds 8 ounces; 
I ſet its root in a known quantity of water ; 
it imbibed 15 pounds of water in ten hours 
day, and perſpired at the ſame time 15 
pounds 8 ounces. 

In July and Auguſt I cut off ſeveral 
branches of apple-trees, pear, cherry, and 
apricot-trees, two of a ſort; they were of 
ſeveral ſizes from 3 to 6 feet long, with pro- 
portional lateral branches ; and the tranſverſe 
cut of the largeſt part of their ſtems was 
about an inch diameter. | 

I ſtripped the leaves off of one bough of 
each ſort, and then ſet their ſtems in ſepa- 
rate glaſſes, pouring in known quantities of 


water, 
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The boughs with leaves on them im- 
bibed ſome 15 ounces, ſome 20 ounces 2 5 
or 30 ounces in 12 hours day, more or leſs, 
in proportion to the quantity of leaves they 

| had; and when I weighed them at night, 
they were lighter than in the morning. 

While thoſe without leaves imbibed but 
one ounce, and were heavier in the evening 
than in the morning, they having perſpired 
little. | 
The quantity imbibed by thoſe with leaves 
decreaſed very much every day, the ſap- 
veſſels being probably ſhrunk at the tranſ- 
verſe cut, and too much ſaturate with wa- 
ter, to let more pals; ſo that uſually in 
4 or 5 days the leaves faded and withered 
much. | | 
L repeated the ſame experiment with elm- 
branches, oak, oſier, willow, fallow, aſ⸗ 
pen, currant, goosbery, and philbert branch- 
es; but none of theſe imbibed ſo much as 
the foregoing, and ſeveral ſorts of ever- 
« greens very much leſs. 


EXPERIMENT VIII, 


Auguſt 15, I cut off a large ruſſet-pippin, 
with two inches ſtem, and its 12 adjoining 
leaves ; 
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leaves; I ſet the ſtem in a little phial of wa- 
ter: it imbibed and perſpired in three days 
+ of an ounce. 

At the ſame time I cut off from the fame 
tree another bearing twig of the ſame length, 
with 12 leaves on it, but no apple; it im- 
bibed in the fame three days near + of an 
OUNCE. 

About the ſame time I ſet in a phial of 
water a ſhort ſtem of the ſame tree, with 
two large apples on it without leaves; they 
imbibed near + ounce in two days. 

So in this experiment, the apple and the 
leaves imbibe + of an ounce; the leaves 
alone near 2, but the two large apples im- 


bibed and perſpired but 7 part ſo much as the 


12 leaves; then one apple imbibed the 7 part 
of what was imbibed by the 13 leaves; there- 
fore two leaves imbibe and perſpire as much 
as one apple; whence their perſpirations 
ſeem to be proportionable to their ſurfaces 
the ſurface of the apple being nearly equal 


to the ſum of the upper and under ſurfaces . 


of the two leaves. 

Whence it is probable, that the uſe of 
theſe leaves (which are placed, juſt where 
the fruit joins to the tree) is to bring nou- 

riſhment 
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riſhment to the fruit. And accordingly I 
obſerve, that the leaves, next adjoining to 
bloſſoms, are, in the ſpring, very much ex- 
panded, when the other leaves, or barren 
ſhoots, are but beginning to ſhoot: and 
that all peach leaves are pretty large before 
the bloſſom goes off: and that in apples 
and pears the leaves are one third or half 
grown before the bloſſom blows: ſo 
provident is nature in making timely pro- 
viſion for the nouriſhing the yet embryo 


fruit. 


EXPERIMENT IX, 


July 15, I cut off two thriving hop-vines 
near the ground, in a thick ſhady part of 
the garden, the pole ſtill ſtanding ; I ſtrip- 
ped the leaves off one of theſe vines, and ſet 
both their ſtems in known quantities of wa- 
ter, in little bottles ; that with leaves imbibed 
in 12 hours day 4 ounces, and that without 
leaves + of an ounce, 

I took another hop-pole with its vines 
on it, and carried it out of the hop-ground, 
into a free open expoſure; theſe imbibed 
and perſpired as much more as the former 

in 


- * 
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in the hop-ground: which is doubtleſs 
the reaſon why the hop-vines on the out- 
ſides of gardens, where moſt expoſed to the 
air, are ſhort and poor, in compariſon of 
thoſe in the middle of the ground; viz, be- 
cauſe being much *dried, their fibres harden 
ſooner, and therefore they cannot grow ſo 
kindly as thoſe in the middle of the ground ; 
which by ſhade are always kept moiſter, and 
more ductile. | 

Now there being 1000 hills in an acre 
of hop-ground, and each hill having three 
poles, and each pole three vines, the num- 
ber of vines will be gooo ; each of which 
imbibing 4 ounces, the ſum of all the ounces 
imbibed in an acre in 12 hours day, will 
be 36000 ounces, = 15768000 grains = 
62047 cubick inchesor 202 ale gallons; which 
divided by 6272640, the number of ſquare 
inches in an acre, it will be found, that the 
quantity of liquor perſpired by all the hop- 
vines, will be equal to an area of liquor 
as broad as an acre, and -;+ part of an inch 
deep, beſides what evaporated from the 
earth. 

And this quantity of moiſture in a kind- 
ly ſtate of the air is daily carried off, in 


a ſuffi- 
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a ſufficient quantity, to keep the hops in 
a healthy ſtate ; but in a rainy moiſt ſtate 
of air, without a due mixture of dry wea- 
ther, too much moiſture hovers about the 
hops, ſo as to hinder in a good meaſure the 
kindly perſpiration of the leaves, whereby 
the ſtagnating ſap corrupts, and breeds mol- 
dy fen, which often ſpoils vaſt quantities of 
flouriſhing hop- grounds. This was the caſe 
in the year 1723, when 10 or 14 days al- 
moſt; continual rains fell, about the latter 
half of July, after four months dry weather ; 
upon which the moſt flouriſhing and pro- 
miſing hops were all infected with mold or 
fen, in their leaves and fruit, while the then 
poor and unpromiſing hops eſcaped, and pro- 
duced plenty ; becauſe they being ſmall did 
not perſpire ſo great a quantity as the others ; 
nor did they confine the perſpired vapour, ſo 
much as the large thriving vines did, in their 
ſhady thickets. 

This rain on the then warm earth made 
the graſs ſhoot out as faſt as if it were in a 
hot-bed; and the apples grew ſo precipi- 
tately, that they were of a very flaſhy conſti- 
tution, ſo as to rot more remarkably than 


had ever been remembered, 
| D The 
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The planters obſerve, that when a mold or 
fen has once ſeized any part of the ground, it 
ſoon runs over the whole; and that the graſs, 
and other herbs under the hops, are infected 
with it. 

Probably becauſe the ſmall ſeeds of this 
quick growing mold, which ſoon come to 
maturity, are blown over the whole ground : 
which ſpreading of the ſeed may be the 
reaſon why ſome grounds are infeted with 
fen for ſeveral years ſucceſſively; viz. from 
the ſeeds of the laſt ycar's fen: might it not 
then be adviſable to burn the fenny hop- 
vines as ſoon as the hops are picked, in hopes 
thereby to deſtroy ſome of the ſeed of the 
mold ? 

« Mr, Auſtin of Canterbury obſerves fen 
«© to: be more fatal to thoſe grounds that 
« arc low and ſheltered, than to the high 
* and open grounds; to thoſe that are ſhely- 
« ing to the north, than to the ſhelving 
© to the ſouth; to the middle of grounds, 
* than to the outſides; to the dry and 
« gentle grounds, than to the moiſt and ſtiff 
grounds. This was very apparent through- 
e out the plantations, where the land had 
te the ſame workmanſhip :nd help beſtowed 


-* upon 
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upon it, and was wrought at the ſame 
« time; but if in cither of theſe caſes there 
* was a difference, it had a different effect; 
and the low and gentle grounds, that lay 
re neglected, were then ſeen leſs diſtempered 
than the open and moiſt, that were care- 
fully managed and looked after. 

The honey dews are obſerved to come 
about the 11th of June, which by the mid- 
edle of July turn the leaves black, and make 
« them ſtink.” 

I have in July (the ſeaſon for fire-blaſts, 
as the planters call them) ſeen the vines in 
the middle of a hop-ground all ſcorched 
up, almoſt from one end of a large ground 
to the other, when a hot gleam of ſun- 
ſhine has come immediately after a ſhower 
of rain; at which time the vapours are of - 
ten ſeen with the naked eye, but eſpecially 
with reflecting teleſcopes, to aſcend ſo 
plentifully, as to make a clear and diſtinct 
object become immediately very dim and 
tremulous. Nor was there any dry gravelly 
vein in the ground, along the courſe of this 
ſcorch. It was therefore probably owing 
to the much greater quantity of ſcorch- 
ing vapours in the middle than outſides of 
D 2 the 
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the ground; and that being a denſer me- 
dium, it was much hotter than a more rare 
medium. 

And perhaps, the great volume of aſcend- 
ing vapour might make the ſun- beams con- 
verge a little toward the middle of the ground, 
that being a denſer medium, and thereby 
increaſe the heat conſiderably; for I obſerv- 
ed, that the courſe of the ſcorched hops 
was in a line at right angles, to the ſun- 
beams about eleven o'clock, at which time 
the hot gleam was: the hop-ground was 
in a valley which run from fouth-weit to 
north-eaſt: and, to the beſt of my remem- 
brance, there was then but little wind, and 
that in the courſe of the ſcorch ; but had 
there been ſome other gentle wind, either 
north or ſouth, it is not improbable but that 
the north wind gently blowing the volume 
of riſing reck on the ſouth fide of the 
ground, that fide might have been moſt 
ſcorched, and ſo vice verſa. 

As to particular fire-blaſts, which ſcorch 
here and there a few hop-vines, or one or 
two branches of a tree, without damaging 
the next adjoining; what aſtronomers ob- 
ſerve, may hint to us a no very improbable 
cauſe 
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cauſe of it; viz. they frequently obſerve 
( eſpecially with the reflecting teleſcopes ) 
ſmall ſeparate portions of pellucid vapours 
floating in the air ; which tho' not vifible to 
the naked cye, are yet conſiderably denſer 
than the circumambicnt air: and vapours of 
ſuch a degree of denſity may very proba- 
bly, either acquire ſuch a ſcalding heat from 
the ſun, as will icorch what plants they 
touch, cſpecially the more tender: an effect 
which the gardeners about London have too 
often found to their coſt, when they have 
incautiouſly put bell-glaſſes over their cau- 
liflowers early in a froſty morning, before 
the dew was evaporated off them; which 
dew being raiſed by the ſun's warmth, and 
confincd within the glaſs, did there form a 
denſe tranſparent ſcalding vapour, which burat 
and killed the plants. Or perhaps, the up- 
per or lower ſurface of theſe tranſparent ſe- 
parate flying volumes of vapours may, among 
the many forms they revolve into, ſometimes 
approach ſo near to a hemiſphere, or hemi- 
cylinder, as thereby to make the ſun- beams 
converge cnough often to ſcorch the more 
tender plants they ſhall fall on: and ſome- 


times allo, parts of the mom hardy plants 
SE and 
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and trees, in proportion to the greater or leſs 
convergency of the ſun's rays. 


The learned Boerhaave, in his Theory of 


Chemiſiry, Dr. Shaw's Edition, p. 245, ob- 
ſerves, That thoſe white clouds which ap- 


ce 


pear in ſummer-time, are, as it were, ſo 
many mirrors, and occaſion exceſſive heat. 
Theſe cloudy mirrors are ſometimes round, 


e ſometimes concave, polygonous, &c. When 
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the face of heaven is covered with ſuch 
white clouds, the ſun ſhining among 
them, muſt of neceſſity produce a vehe- 
ment heat; ſince many of his rays, which 
would otherwiſe, parhaps, never touch 
our earth, are hereby reflected to us; thus, 
if the fun be on one fide, and the clouds 
on the oppoſite one, they will be perfect 
burning-blaſles. 

I have ſometimes (continues he) ob- 
ſerved a kind of hollow clouds, full of 
hail and ſnow, during the continuance 
of which the heat was extreme; ſince by 
ſuch condenſation they were enabled to 
reflect much more ſtrongly. After this 
came a ſharp cold, and then the clouds 
diſcharged their hail in great quantity; 
to which ſucceeded a moderate warmth. 


Frozen 
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* Frozen concave clouds therefore, by their 
«« great reflections, produce a vigorous heat, 
% and the ſame, when reſolved, exceſſive 
* 

Whence we ſee that blaſts may be occa- 
ſioned by the reflections of the clouds, as 
well as by the above mentioned refraction of 
denſe tranſparent vapours, 

July 21, I obſerved that at that ſeaſon 
the top of the ſunflower being tender, and 
the flower near beginning to blow, it 
the ſun riſe clear, the flower faces towards 
the eaſt; and the ſun continuing to ſhine, 
at noon it faces to the ſouth ; and at fix in 
the evening to the welt: and this not by 
turning round with the ſun, but by nutation ; 
the cauſe of which is, that the fide of the 
ſtem next the ſun perſpiring moſt, it ſhrinks, 
and this plant perſpires mucu. | 
; I have obſerved the ſame in the tops of 
Jeruſalem-artichokes, and of garden- beans, 
in very hot ſun-ſhine, 
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EXPERIMENT X. 


July 27, I fixed an apple- branch, m, 3 
feet long, + inch diameter, full of leaves, 
D 4 and 
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and lateral ſhoots to the tube 7, 7 feet 
long, + of an inch diameter, (Fig. 3.) I fil 
led the tube with water, and then immerſed 
the whole branch as far as over the lower 
end of the tube, into the veſſel 4 full of 
water. | 

The water ſubſided 6 inches the firſt two 
hours, (being the firſt filling of the ſap- veſ- 
ſels) and 6 inches the following night, 4 
inches the next day; and 2 +5 the follow- 
ing night. 

The third day in the morning I took the 
branch out of the water, and hung it, with 
the tube afhxed to it, in the open air; it im- 
bibed this day 26 ＋ + inches in 12 hours. 

This experiment ſhews the great power 
of perſpiration ; ſince, when the branch was 
immerſed in the veſſel of water, the 7 feet 
column of water in the tube, above the ſur- 
face of the water, could drive very little 
thro” the leaves, till the branch was expoſed 
to the open air, 

This alſo proves, that the perſpiring mat- 
ter of trees is rather actuated by warmth, 
and ſo exhaled, than protruded by the force 
of the ſap upwards, 

2 | And 
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And this holds true in animals, for the 
perſpiration in them is not always greateſt in 
the greateſt force of the blood; but then of- 
ten leaſt of all, as in fevcrs. 

I have fixed many other branches in the 
ſame manner to long tubes, without immerl- 
ing them in water; wich tubes, being filled 
with water, I could fſce preciſely, by the 
deſcent of the water in the tube f, how faſt 
it perſpired off; and how very little perſpired 
in a rainy day, or when there were no leaves 
on the branches. 


EXPERIMENT XI. 


Aug. 17. At 11 3: , I cemented to 
the tube 46 (Fig. 4.) ꝙ feet long, and + inch 
diameter, an appie-branch d, 5 feet long, + 
inch diameter; I poured water into the tube, 
which it imbibed plcntifully, at the rate of 
3 feet length of the tube in an hour. At 
io'clock I cut off the branch at c, 13 inches 
below the glaſs tube. To the bottom of 
the remaining ſtem I ticd a glaſs ciſtern 2, 
covered with ox-gut, to keep any of the 
water which dropped from the ſtem c 6, from 
evaporating, At the ſame time I ſet the 
d branch 
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branch dr, which I had cut off in a known 
quantity of water, in the veſſel x (Fig. 5.) 
The branch of the veſſel x imbibed 18 ounces 
of water in 18 hours day and 12 hours night; 
in which time only 6 ounces of water had 
paſſed thro' the ſtem c, (Fig. 4.) which had 
a column of water 7 feet high, preſſing upon 
it all the time. 

This again ſhews the great power of per- 
ſpiration ; to draw thrice as much water, in 
the fame time, through the long ſlender parts 
of the branch r, (Fig. 5.) as was preſſed thro' 
a larger ſtem c 6b (Fig. 4.) of the ſame 
branch ; but 13 inches long, with 7 feet 
preſſure of water upon it, in the tube 2 6. 

I tried in the fame manner enother ap- 
ple-branch, which in 8 hours day imbibed 
20 ounces, while only 8 ounces paſſed through 
the ſtem c b, (Fig. 4. ) which had the column 
of water on it. 

The ſame I tried with a quince branch, 
which in 4 hours day imbibed 2 eunces +3, 
while but ; ounce paſſed through the ſtem c 5 
(Fig. 4.) which had g feet weight of water 
preſſing on it. 

Note, All theſe (under this experiment 
11.) were made the firſt day, before the 

ſtem 
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ſtem could be any thing ſaturate with water, 
or the ſap-veſſels ſhrunk ſo as to hinder its 


paſſage. 
EXPERIMENT XII. 


I cut off from a dwarf apple- tree e 2 the 
top of the branch /, (Fig. 6.) which was an 
inch diameter, and fixed to the ſtem /, the 


glaſs tube J then I poured water into the 


tube, which the branch would imbibe, at 
ſuch a rate as to drink down 2 or 3 pints in 
a day, eſpecially if I ſucked with my mouth 
at the top of the tube h, ſo as that a few air- 
bubbles were drawn out of the ſtem /; then 
the water was imbibed fo faſt, that if I im- 
mediately ſcrewed on the mercurial gage, 
mr y x, the mercury would be drawn up 
tor, 12 inches higher than in the other 
leg. 

A another time 1 poured into the tube /, 
fixed to a golden rennet-tree, a quart of 
high rectified ſpirit of wine camphorated, 
which quantity the ſtem imbibed in 3 hours 
ſpace; this killed one half of the tree: this 
I did to try if I could give a flavour of cam- 
phire to the apples which were in great 

plenty 
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plenty on the branch. I could not perceive 
any alteration in the ſtate of the apples, 
though they hung ſeveral weeks after; but 
the ſmell of the camphire was very ſtrong in 
the ſtalks of the leaves, and in every part of 
the dead branch. 

I made the fame experiment on a vine, 
with ſtrongly- ſcented orange - flower- water; 
the event was the ſame, it did not penetrate 
into the grapes, but very ſenſibly into the 
wood and ſtalks of the leaves. 

I repeated the ſame experiment on two 
diſtant branches of a large catharine pear- 
tree, with ſtrong decoctions of ſaſſafras, and 


of elder-flowers, about 30 days before the 


pears were ripe; but I could not perceive any 
taſte of the decoctions in the pears. 
Though in all theſe caſes the ſap-veſſels of 


the ſtem were ſtrongly impregnated with a 


good quantity of theſe liquors; yet the capil- 
lary ſap-veſſels near the fruit were ſo fine, 
that they changed the texture of, and aſſimi- 
lated to their own ſubſtance, thoſe high-taſted 
and perfumed liquors; in the ſame manner 
as graffs and buds change the very different 
ſap of the ſtock to that of their own ſpecifick 
nature, 

This 
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This experiment may ſafely be repeated 
with well-ſcented and perfumed common 
water, which trees will imbibe at 7 with- 
out any danger of killing them, 


EXPERIMENT XIII. 


In order to try whether the capillary fap- 
veſſels had any power to protrude ſap out at 
their extremities, and in what quantity, I made 
the three following experiments, viz. 

In Auguſt I took a cylinder of an apple- 
branch, 12 inches long, + diameter: ] ſet it 
with its great end downwards in a mint glaſs, 
(full of water) tied over with ox-gut. The 
top of the ſtick was moiſt for ten days, while 
another ſtick of the ſame branch (but out 
of water) was very dry, It evaporated an 
ounce of water in thoſe ten days. 


EXPERIMENT XIV. 


In Sept. I fixed a tube ? (Fig. 7.) 7 feet 
long, to a like ſtem /, as the former, and 
ſet the ſtem in water x, to try if, as the wa- 
ter evaporated out of the top of the ſtem v, 


it would riſe to any height in the tube ?; but 
it 
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it did not riſe at all in the tube, though the 
top of the ſtem was wet: I then filled the 
tube with water, but it paſſed freely into the 
veſſel x. 


EXPERIMENT XV, 


Sept. 10, 2 ＋ feet from the ground, I 
cut off the top of a half ſtandard duke cherry- 
tree againſt a wall, and cemented on it the 
neck of a Florence flaſk 7, (Fig. 8.) and 
to that flaſk-neck a narrow tube g, five feet 
long, in order to catch any moiſture that 
ſhould ariſe out of the trunk y; but none 
aroſe in four hours, except a little vapour that 
was on the flaſk's neck. 

I then dug up the tree by the roots, and 
ſet the root in water, with the glaſſes affixed 
to the top of the ſtem ; after ſeveral hours 
nothing roſe but a little dew, which hung 
on the inſide of /; yet it is certain by many 
of the foregoing experiments, that if the 
top and leaves of this tree had been on, many 
ounces of water would in this time have 
paſſed through the trunk, and been evapo- 
rated through the leaves, | 


[ have 
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I have tried the ſame experiment with 
ſeveral vine branches cut off, and ſet in water 
thus, but no water roſe into f. 

Theſe three laſt experiments all ſhew, that 
though the capillary ſap-veſſels imbibe moiſ- 
ture plentifully ; yet they have little power ta 
protrude it farther, without the aſſiſtance of 
the perſpiring leaves, which do greatly pro- 
mote its progreſs, 


EXPERIMENT XVI. 


In order to try whether any ſap roſe in 
the winter, I took in January ſeveral par- 
cels of filberd-ſuckers, vine- branches, green 
jeſſamine - branches, philarea and laurel- 
branches, with their leaves on them; and 
dipped their tranſverſe cuts in melted cement, 
to prevent any moiſture's evaporating through 
the wounds; I tied them in ſeparate bundles, 
and weighed them. 

The filberd-ſuckers decreaſed in 8 days, 
(ſome part of which were very wet, but the 
laſt 3 or 4 days drying winds) the 11th part 
of their whole weight. 

. The vine-cuttings in the ſame time the 
7 Er Part. 5 
The 
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The jeſſamine in the ſame time the 5 part. 

The philarta decreaſed the 5 part in five 
days. 

The laurel the + part in 5 days, and more; 

Here is a confiderable daily waſte of ſap, 
which muſt therefore neceflarily be ſupplied 
from the root; whence it is plain, that ſome 
ſap riſes all the winter, to ſupply this conti- 
nual. waſte, though in much leſs quantity than 
in ſummer. 

Hence we ſee good reaſon why the ilex 
and the cedar of Libanus (which was graft- 
ed the firſt on an Engliſh oak, the other on the 
larix) were verdant all the winter, notwith- 
ſtanding the oak and larix leaves were de- 
cayed and fallen off; for though, when the 
winter came on, there did not ſap enough rife 
to maintain the oak and larix leaves, yet by 
this preſent experiment we ſee, that ſome 
ſap is continually riſing all the winter; and 
by experiment the gth on the lemon-tree, 
and by ſeveral other the like experiments, on 
many ſorts of ever-greens, we find that they 
perſpiring little, live and thrive with little 
nouriſhment; the ilex and cedar might 
well therefore continue green all the win- 
ter, notwithſtanding the leaves of the trees 
they 
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they were grafted on fell off, See the late 
curious and induſtrious Mr. Fairchild's ac- 


count of theſe graftings in Mr. Miller's 
Gardeners Dictionary. Vide Sap, 


ExPERIMENT XVII. 


Having by many evident proofs in the 
foregoing experiment ſeen the great quans 
tities of liquor that were imbibed and per- 
ſpired by trees, I was defirous to try if I 
could get any of this perſpiring matter 
and in order to it, I took ſeveral glaſs chy- 
mical retors, 6 4 p (Fig. g.) and put the 
boughs of ſeveral ſorts of trees, as they 
were growing with their leaves on, into 
the retorts, ſtopping up the mouth y of the 
retorts with bladder. By this means I got 
ſeveral ounces of the perſpiring matter of 
vines, fig-trees, apple-trees, cherry-trees, 
apricot and peach- trees; rue, horſe-radiſh, 
thubarb, parſnip, and cabbage leaves: 
the liquor of all of them was very clear, 
nor could I diſcover any different taſte in 
the ſeveral liquors : but if the retort ſtand 
expoſed to the hot ſun, the liquor will 
taſte of the clodded leaves. Its ſpecifick 


gravity was nearly the ſame with that of 
E common 
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common water ; nor did I find many air- 
bubbles in it, when placed in the exhauſted 
receiver, which I expected to have found; 
but when reſerved in open viols, it ſtinks 
ſooner than common water; an argument 
that it is not pure water ; but has ſome he- 
terogeneous mixtures with it, 

I put alſo a large ſun-flower full-blown, 
and as it was growing, into the head of a 
glaſs-ſtill, and put its roſtrum into a bottle, 
by which means there diſtilled a good quan- 
tity of liquor into the bottle, It will be 
very eaſy in the ſame manner to collect the 
perſpirations of ſweet-ſcented flowers, though 
the liquor will not long retain its grateful 
odour, but ſtink in a few days. 


EXPERIMENT XVIII. 


In order to find out what ſtores of moi- 
ſture nature had provided in the earth, 
(againſt the dry ſummer ſeaſon) that might 
anſwer this great expence of it, which is ſo 
neceſſary for the production and ſupport of 
vegetables ; | 

July 21, 1724, I dug up a cubick foot 
of earth, in an alley which was very little 
trampled on; it weighed ( after deducting 
the weight of the containing veſſel) 104 

| pounds 
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pounds 4 ounces . A cubick foot of 
water weighs nearly 627 pounds, which is 
little more than half the ſpecifick gravity 
of earth. This was a dry ſeaſon, with a 
mixture of ſome few ſhowers, ſo that the 
graſs-plat adjoining was not burnt up. 

At the ſame time I dug up another cubick 
foot of earth, from the bottom of the for- 
mer; it weighed 106 pounds 6 ounces + 3. 

I dug up alſo a third cubick foot of earth, 
at the bottom of the two former; it weighed 
111 pounds + ;. 

Theſe three feet depth were a good brick 
earth, next to which was gravel, in which 
at 2 feet depth, viz. 5 feet below the ſurface 
of the earth, the ſprings did then run, 

When the firſt cubick foot of earth was 
ſo dry and duſty, as to be unfit for vegeta- 
tion, I weighed it, and found it had loſt 6 
pounds + 11 ounces, or 184 cubick inches 
of water, near ; part of its bulk. 

Some days after, the ſecond cubick foot 
being drier than either the firſt or third, 
was decreaſed in weight 10 pounds. 

The third cubick foot, being very dry 
and duſty, had loſt 8 pounds 8 ounces, or 
247 cubick inches, viz. 7 part of its bulk. 
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Now ſuppoſing the roots of the ſun-flower 
(the longeſt of which reached 15 inches eve- 
ry way from the ſtem) to occupy and draw 
nouriſhment from 4 cubick feet of earth, 
and ſuppoſe each cubick foot of earth to 
afford 7 pounds of moiſture, before it be 
too dry for vegetation; the plant imbibing 
and perſpiring 22 ounces every 24 hours, 
that will be 28 pounds of water, which will 
be drawn off in 21 days, and 16 hours; after 
which the plant would periſh, if there were 
not freſh ſupplies to theſe 4 cubick feet of 
earlh, either from dew or moiſture ariſing 
from below 15 inches (the depth of the 
roots) up into the earth occupied by the 
roots, 


EXPERIMENT XIX. 


In order to find out the quantity of dew 
that fell in the night, Aug. 15. at7 p. n. 1 
choſe two glazed earthen pans, which were 
3 inches deep, and 12 inches diameter in 
ſurface ; I filled them with pretty moiſt earth 
taken off the ſurface of the earth, I ſet 
theſe pans in other broader pans, to pre- 
vent any moiſture from the earth ſticking 
to the bottoms of them. The moiſter the 
carth, the more dew there falls on it in a 


night 3 
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night; and more than a double quantity of 
dew falls on a ſurface of water, than there 
does on an equal ſurface of moiſt earth. 
The evaporation of a ſurface of water, in 
9 hours winter's dry day, is , of an inch. 
The evaporation of a ſurface of ice, ſet in 
the ſhade during 9 hours day, was #7. 
Theſe pans increaſed in weight by the 
night's dew 180 grains; and decreaſed in 
weight by the evaporation of the day 
3 ounce, 282 grains. So here are 540 
grains more evaporated from the earth every 
24 hours in ſummer, than falls in dew in 
the night; that is, in 21 days near 26 ounces, 
from a circular area of a foot diameter ; 
and circles being as the ſquares of their dia- 
meters, 10 pounds ＋ 2 ounces will in 217 
days be evaporated from the hemiſphere of 
30 inches diameter, which the ſun-flower's 
root occupies : which, with the 26 pounds 
drawn off by the plant in the ſame time, 
make 36 pounds, that is, g pounds out 
of every cubick foot of earth, the plant's 
roots accuping more than 4 cubick feet ; 
but this is a much greater degree of drineſs 
than the ſurface of the earth ever ſuffers for 
15 inches depth, even in the drieſt ſeaſons 
in this country. 
E 3 In 
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In a long dry ſeaſon, therefore, eſpecially 


within the tropicks, we muſt have recourſe 
for ſufficient moiſture (to keep plants and 
trees alive) to the moiſt ſtrata of earth, 
which lie next below that in which the 
roots are. Now moiſt bodies always com- 
municate of their moiſture to more dry 
adjoining bodies; but this ſlow motion of 
the aſcent of moiſture is much accelerated 
by the ſun's heat to confiderable depths in 
the earth, as is probable from the following 
2oth Experiment, 

Now 180 grains of dew falling in one 
night, on a circle of a foot diameter, = 
113 ſquare inches; theſe 180 grains being 
equally ſpread on this ſurface, its depth 

180 
113 X 254 
I found the depth of dew in a winter night 
to be the + part of an inch; ſo that, if we 
allow 159 nights for the extent of the ſum- 
mer's dew, it will in that time ariſe to one 
inch depth. And reckoning the remaining 
206 nights for the extent of the winter's 
dew, it will produce 2.28 inches depth, 


will be 53; part of an inch = 


which makes the dew of the whole year 


amount to 3.28 inches depth, 
And the quantity which evaporated in a 
fair ſummer's day from the ſame ſurface, be- 
2 ing 
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ing 1 ounce + 282 grains, gives , part of 
an inch depth for evaporation, which is 
four times as much as fell at night. 

I found, by the ſame means, the evapo- 
ration of a winter's day to be nearly the 
ſame as in a ſummer's day; for the earth 
being in winter more faturate with moi- 
ſture, that exceſs of moiſture anſwers to the 
exceſs of heat in ſummer. 

Nic. Cruquius, N? 381 of the Philoſo- 
phical Tranſactions, found that 28 inches 
depth evaporated in a whole year from wa- 
ter, 1. e. ; of an inch each day, at a mean 
rate; but the earth in a ſummer's day evapo- 
rates 5 of an inch; fo the evaporation of 
a ſurface of water, is to the evaporation of 
a ſurface of earth in ſummer, as r to g. 

The quantity of rain which falls in a 
year is at a medium 22 inches: the quan- 
tity of the earth's evaporation in a year is 
at leaſt 9.15 inches, fince that is the rate, 
at which it evaporates in a ſummer's day : 
from which g.15 inches, are to be deduct- 
ed 3.39 inches for circulating daily dew ; 
there remain 5.76 inches, which 5.76 inches 
deducted from the quantity of rain which 
falls in a year, there remain at leaſt 16.24 

E 4 inches 
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inches depth, to repleniſh the earth with 
moiſture for vegetation, and to ſupply the 
ſprings and rivers, 

In the caſe of the hopegrounds, the eva- 
poration from the h ps may be conſidered 
only for three months at Tr port of an inch 
each day, which will be , of an inch; 
but before we allowed 5.76 inches vapour to 
evaporate from the ſurface of the ground, 
which added to ;% inch, gives 6.66 inches, 
which is the utmoſt that can be evaporated 
from a ſurface of hop-ground in a year. 80 
that of 22 inches depth of rain, there re- 
main 15. 34 inches to ſupply ſprings; which 
are more or leſs exhauſted, according to 
the dryneſs or wetneſs of the year, Hence 
we find that 22 inches depth of rain in a 
year is ſufficient for all the purpoſes of na- 
ture, in ſuch flat countries as this about 
Teddington near Hampton-Court. But in 
the hill countries, as in Lancaſhire, there 
falls 42 inches depth of rain-water; from 
which deducting 6.66 inches for evaporation, 


there remains 35.34 inches depth of water 


for the ſprings; beſides great ſupplies from 
much more plentiful dews, than fall in plain 
countries: which vaſt ſtores ſeem ſo abun- 
dantly ſufficient to "—_ the great quantity 
of 
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-of water, which is conveyed away, by ſprings 
and rivers, from - thoſe hills, that we need 
not have recourſe, for ſupplics, to the great 
abyſs, whoſe ſurface, at high water, is ſur» 
mounted ſome hundreds of feet by ordi- 
nary bills, and ſome thouſands of feet by 
thoſe vaſt hills from whence the longeſt 
and greateſt rivers take their riſe. See Vol. II. 


7 


EXPERIMENT XX. 


I provided me fix thermometers, whoſe 
ſtems were of different lengths, viz. from 
18 inches to 4 feet. I graduated them all 
by one proportional ſcale, beginning from the 
freezing point; which may well be fixed as 
the utmoſt boundary of vegetation on the ſide 
of cold, where the work of vegetation ceaſes, 
the watry vehicle beginning then to condenſe 
and be fixed; though many trezs, and ſome 
plants, as graſs, moſs, &c. do ſurvive it; yet 
they do not vegetate at that time. 

The greateſt degree of heat, which I at 
firſt marked on my thermometers, was equal 
to that of water, when heated to the greateſt 
degree that I could bear my hand in it, 
without ſt:rring it about. But finding by 
Experience, that plants can endure, with- 

out 
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out prejudice, a ſomething greater heat 
than this, I have pitched upon the heat in 
which melted wax ſwimming on hot water 
firſt begins to coagulate ; for ſince a greater 
heat than this will diſſolve the wax, which 
is a vegetable ſubſtance, this may therefore 
well be fixed as the utmoſt boundary of ve- 
getation, on the warm fide; beyond which 
plants will rather fade than vegetate, ſuch 
degree of heat ſeparating and diſperfing, in- 
ſtead of congregating and uniting the nu- 
tritive particles. 

This ſpace I divided into 100 degrees on 
all the thermometers, beginning to number 
from the freezing point. Sixty-four of theſe 
degrees are nearly equal to the heat of the 
blood of animals; which I found by the 
rule given in the Philoſophical Tranſactions, 
Vol. II. p. 1. of Mr. Motte's Abridgment, 
which is ſuppoſed to be Sir Iſaac Newton's 
eſtimate; viz. by placing one of the ther- 
mometers in water heated to the greateſt 
degree that I could bear my hand in it ſtir- 
ring it about: and which I was further 


aſſured of, by placing the ball of my ther- 


moter in the flowing blood of an expiring 
Ox. The heat of the blood to that of boil- 
ing water is as 14.27 to 33. | 
By 
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By placing the ball of one of theſe 


thermometers in my boſom, and under an 
arm-pit, I found the external heat of the 
body 54 of theſe degrees. The heat of milk, 
as it comes from the cow, is equal to 5 5 de- 
grees, which is nearly the ſame with that for 
hatching of eggs; the heat of urine 58 de- 
grees. The common temperate point in 
thermometers is about 18 degrees. 

The hotteſt ſun-ſhine in the year 1727 
raiſed the ſpirit in the thermometer expoſed 
to it, 88 degrees; a heat 24 degrees greater 
than that of the blood of animals: and 
though plants endure this, and a confiderably 
greater heat within the tropicks, for ſome 
hours each day, yet the then hanging of the 


leaves of many of them ſhews that they could 


not long ſubfiſt under it, were they not fre- 
quently refreſhed by the ſucceeding evening 
and night, 

The common noon-tide heat in the ſun 
in July is about 5o degrees: the heat of 
the air in the ſhade in July is at a medium 
38 degrees. The May and June heat is from 
17 to 30 degrees; the moſt genial heat for 
the generality of plants, in which they flou- 
riſh moſt, and make the greateſt progreſs in 
their growth. The autumnal and vernal 

heat 
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heat may be reckoned from 10 to 20 de- 
grees : the winter heat from the freezing 
point to 10 degrees. 

The ſcorching heat of a hot-bed of horſe- 
dung, when too hot for plants, is equal to 
8 5 degrees and more: and hereabout is pro- 
bably the heat of blood in high fevers. 

The due healthy heat of a hot-bed of 
horſe-dung, in the fine mould, where the 
roots of thriving cucumber-plants were, 
in Feb. was equal to 56 degrees, which is 
nearly the boſom heat, and that for hatch- 
ing of eggs. The heat of the air under the 
glaſs-frame of this hot-bed was equal to 
34 degrees; ſo the roots had 26 degrees 
more heat than the plants above ground. 
The heat of the _ air was then 17 de- 
grees. 

It is now grown a common and very rea- 
ſonable practice, to regulate the heat of 
ſtoves and green-houſes, by means of ther- 
mometers hung up in them. And for 
greater accuracy, many have the names of 
ſome of the principal exoticks written up- 
on their thermometers, over-againſt the ſe- 


veral degrees of heat, which are found by 
experience to be propercſt for them. And 


I am informed that many of the moſt cu- 
rious 
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rious gardeners about London have agreed 
to make uſe of thermometers of this ſort; 
which are made by Mr. John Fowler in 
Swithin's-Alley, near the Royal-Exchange; 
which have the names of the following 
plants, oppoſite to their reſpective moſt 
kindly degrees of heat; which in my ther- 
mometers anſwer nearly to the following de- 
grees of heat above the freezing point, v/z. 
melon-thiſtle 31, ananas 29, piamento 26, 
euphorbium 24, cereus 212, aloe 19, in- 
dian- fig 164, ficoides 14, oranges 12, myr- 
tles g. 

Mr. Boyle, by placing a thermometer in 
a cave, which was cut ſtrait into the bot- 
tom of a cliff, fronting the ſea, to the depth 
of 1 zo feet, found the ſpirit ſtood, both in 
winter and ſummer, at a ſmall diviſion above 
temperate; the cave had 8o feet depth 
of earth above it. Boyle's works, Vol, III. 
P. 54. 

I marked my fix thermometers numeri- 
cally, 1, 2, 3. 4, 5» 6. The thermometer 
numb. 1, which was ſhorteſt, I placed with 
a ſouth aſpe&, in the open air; the ball 
of numb. 2, I ſet two inches under ground ; 
that of numb. 3, four inches under ground ; 
numb. 4, 8 inches; numb, 5, 16 inches; and 

numb, 
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numb, 6, 24 inches under ground. And that 
the heat of the carth, at theſe ſeveral depths, 
may the more accurately be known, it is 
proper to place near each thermometer a 
glaſs-tube ſealed at both ends, of the ſame 
length with the ſtems of the ſeveral ther- 
mometers; and with tinged ſpirit of wine 
in them, to the ſame height, as in each 
correſponding thermometer ; the ſcale of 
degrees, of each thermometer, being mark- 
ed on a ſliding ruler, with an index at the 
back of it, pointing to the correſponding 
tube. When at any time an obſervation is 
to be made, by moving the index, to point 
to the top of that ſpirit in the tube, an ac- 
curate allowance is hereby made, for the 
very different degrees of heat and cold, on 
the ſtems of the thermometers, at all depths; 
by which means the ſcale of degrees will 
ſhew truly the degrees of heat in the balls 
of the thermometers, and conſequently, the 
reſpective heats of the earth at the ſeveral 
depths where they are placed, The ſtems 
of theſe thermometers, which were above 
ground, were fenced from weather and in- 
juries by ſquare wooden tubes; the ground 
they were placed in was a brick earth in the 
middle of my garden, 

July 


C 28k - a aa ) a. ana as r W a a az 


VEGETABLE STAT ICERS. 63 


July 30, I began to keep a regiſter of 
their riſe and fall. During the following 
month of Auguſt, I obſerved that when 
the ſpirit in the thermometer, numb. 1, 
(which was expoſed to the ſun) was about 
noon riſen to 48 degrees, then the ſecond 
thermometer was 45 degrees, the fifth 3 3. 
and the fixth 31; the third and fourth at 
intermediate degrees. The fifth and fixth 
thermometer kept nearly the ſame degree 
of heat both night and day, till towards 
the latter end of the month ; when, as the 
days grew ſhorter and cooler, and the nights 
longer and cooler, they then fell to 25 and 
27 degrees. 

Now, ſo conſiderable a heat of the ſun, 
at two feet depth, under the earth's ſurface, 
muit needs have a ſtrong influence in raiſ- 
ing the moiſture at that and greater depths ; 
whereby a very great and continual reek 


muſt always be aſcending, during the warm 


ſummer ſeaſon, by night as well as day; for 
the heat at two feet depth is nearly the ſame 
night and day, the impulſe of the ſun- 
beams giving the moiſture, of the earth a 
briſk undulating motion, which watery par- 
ticles, when ſeparated and rarefied by heat, 
do aſcend in the form of vapour: and the 

vigour 
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vigour of warm and confined vapour (ſuch 
as is that which is 1, 2, or 3 feet deep in 
the earth) muſt be very conſiderable, fo as 
to penetrate the roots with ſome vigour ; 
as we may reaſonably ſuppoſe, from the 
vaſt force of confined vapour in æolipiles, 
in the digeſter of bones, and the engine to 
raiſe water by fire. See Vol. II. p. 259. 

If plants were not in this manner ſup- 
plied with moiſture, it were impoſſible for 
them to ſubſiſt under the ſcorching heats 
within the trupicks, where they have no 
rain for many months together : for though 
the dews are much greater there, than in 
theſe more northern climates; yet doubtleſs; 
where the heat ſo much exceeds ours, the 
whole quantity evaporated in a day there, 
does as far exceed the quantity that falls 
by night in dew, as the quantity evaporat- 
ed here in a ſummer's day, is found to ex- 
ceed the quantity of dew which falls in the 
night. But the dew, which falls in a hot 
ſummer ſeaſon, cannot poſhbly be of any 
benefit to the roots of trees; becauſe it is 
remanded back from the earth by the fol- 
lowing day's heat, before ſo ſmall a quantity 
of moiſture can have ſoaked to any con- 
ſiderable depth. The great benefit there- 

fore 
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fore of dew, in hot weather, muſt be by 
being plentifully imbibed into vegetables; 


thereby not only refreſhing them for the 


preſent, but alſo furniſhing them with a 
freſh ſupply of moiſture towards the great 
expences of the ſacceeding day. 

'Tis therefore probable, that the roots of 
trees and plants are thus, by means of the 
ſun's warmth, conſtantly irrigated with 
freſh ſupplies of moiſture ; which, by the 
ſame means, infinuates itſelf with ſome 
vigour into the roots. For, if th: moiſture 
of the earth were not thus actuated, the roots 
muſt then receive all their nouriſhment 


merely by imbibing the next adjoining 


moiſture from the earth; and conſequently 
the ſhell of earth, next the ſurface of the 
roots, would always be conſiderably drier, 
the nearer it is to the root; which I have 
not obſerved to be ſo, And by Exper. 15, 
and 19, the roots would be very hard put to 
it to imbibe ſufficient moiſture in dry ſum- 
mer weather, if it were not thus conveyc d 
to them by the penetrating warmth of the 
ſun: whence by the ſame genial heat, in 
conjunction with the attraction of the ca- 
pillary ſap- veſſels, it is carried up through 
the bodies and branches of vegetables; and 
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thence paſſing into the leaves, it is there 
moſt vigorouſly acted upon, in thoſe thin 
plates, and put into an undulating motion, 
by the ſun's warmth, whereby it is moſt 
plentifully thrown off, and perſpired through 
their ſurface; whence, as ſoon as it is diſin- 
tangled, it mounts with great rapidity in the 
free air. | | 

But when, towards the latter end of 
October, the vigour of the ſun's influence is 
ſo much abated, that the firſt thermometer 
was fallen to 3 degrees above the freezing 
point, the ſecond to 10 degrees, the fifth to 
14 degrees, and the fixth thermometer to 16 
degrees; then the briſk undulations of the 
moiſture of the earth, and alſo of the aſcend- 


ing ſap, much abating, the leaves faded and- 


fell off. 

The greateſt degree of cold, in the fol- 
| lowing winter, was in the firſt 12 days of 
November ; during which time, the ſpirit in 
the firſt thermometer was fallen 4 degrees 
below the freezing point, the deepeſt ther- 
mometer 10 degrees, the ice on ponds was 
an inch thick, The ſun's greateſt warmth, 
at the winter ſolſtice, in a very ſerene, calm, 
froſty-day, was, againſt a ſouth aſpect of a 
wall, 19 degrees, and in a free open air, but 
11 de- 
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11 degrees above the freezing point. From 
the 1oth of January to the 29th of March 
was a very dry ſcaſon; when the green 
wheat was generally the fineſt that was 
ever remembered. But from the 2gth of 
March 1725, to the 2gth of September fol- 
lowing, it rained more or leſs almoſt every 
day, except ten or twelve days about the be- 
ginning of July; and that whole ſcaſon con- 
tinued ſo very cool, that the ſpirit. in the 
firſt thermometer roſe but to 24 degrees, ex- 
cept now and then in a ſhort intertæl of ſun- 
ſhine; the ſecond only to'20 degrees; the 
fifth and fixth to 24 and 23 degrees, with 
very little variation: ſo that during this 
whole ſummer, thoſe parts of roots which 


were two feet under gound, had three or 


four degrees more warmth than thoſs which 


were but two inches under ground: and at a 


medium the general degree of heat thro this 
whole ſummer, both above and under ground, 
was not greater than the heat of the middle 
of the preceding September, 

The year 1725 having bzen, both in this 
iſland, and in the neighbouring nations, moſt 
remarkably wet and coid; and the year 
1723, in the other extreme, as remarkably 


dry, as has eyer been known; it may not be 
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improper here to give a ſhort account of 
them, and the influence they had on their 
productions, 

Mr. Miller, in the account which he 
took of the year 1723, obſerved, ** That 
«* the winter was mild and dry, except that 
« in February it rained almoſt every day, 
4 which kept the ſpring backward, March, 
«© April, May, June, to the middle of July, 
«© proved extremely dry, the wind north-eaſt 
«< moſt part of the time. The fruits were 
« forward and pretty good; but kitchen- 
«© ſtuff, eſpecially beans and peas, failed 
« much. The latter half of july the wea- 
ther proved very wet, which cauſed the 
fruits to grow ſo faſt, that many of them 
rotted on the trecs; fo that the autumn 
fruits were not good. There were great 
plenty of melons, very large, but not well 
« taſted, Great plenty of apples; many 
kinds of fruits bloſſomed in Auguſt, which 
produced many ſmall apples and pears in 
October, as alſo ſtrawberries and raſpber- 
ries in great plenty, Wheat was good, 
little barley, much of which was very un- 
equally ripe, ſome not at all, becauſe ſown 
late, and no timely rain to fetch it up. 
« There were innumerable waſps ; how it 
fared 
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fared with the hops this dry year, is men- 
tioned under Exper, g. 

« The following winter, 1724, proved 
very mild; the ſpring was forward in Ja- 
nuary, ſo that the ſnow-drops, crocus's 
polyanthus s, hepatica's, and narciſſus's, 
were in flower, And it was remarkable, 
that moſt of the cauliflower-plants were 
deſtroyed by the mildew, of which there 
was more, all this winter, than had been 
known in the memory of man, In Fe- 
bruary we had cold ſharp weather, which 
did ſome damage to the early crops, and 
it continued variable till April; ſo that 
much of the early wall-fruit was cut off : 
and again, the 6th, of May was a very 
ſharp froſt, which much injured tender 
plants and fruits. The ſummer in general 
was moderately dry, the common fruits 
proved pretty good, but late: mclons 
and cucumbers were good for little : 
kitchen-ſtuff was in great plentv in the 
markets.” 

In the very wet and cold year 1725, moſt 


things were a full month backwarder than 
uſual, Not half the wheat in by the 24th 
of Auguſt, in the ſouthern parts of England; 
very few melons or cucumbers, and thoſe 
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not good. The tender exoticks fared but ill, 
ſcarce any grapes, thoſe ſmall, and of very 
unequal ſizes, on the ſame bunch, not ripe ; 
apples and pears green and inſipid; no fruit 
nor products of the ground good, but crude : 
pretty good plenty of wheat, tho' coarſe, and 
long ſtraw ; barley coarſe, but plenty of it in 
the uplands. Beans and peas moſt flouriſh- 
ing and plentiful; few waſps or other in- 
ſects, except flies on hops. Hops were very 
bad thro' the Whole kingdom. Mr. Auſtin 


of Canterbury ſent me the following particu- 


lar account how it fared wich them there; 
where they had more than at Farnham, and 
moſt other places, v:2. 

„ At mid-April not half the ſhoots ap- 
© peared above ground; ſo that the plant- 
« ers knew not how to pole them to the 
* beſt advantage. This defect of the ſhoot, 
© upon opening the hills, was found to be 
* owing to the multitude and variety of 
vermin that lay preying upon the root ; 
the increaſe of which was imputed to 
the long and almoſt uninterrupted ſeries 
« of dry weather, for three months paſt : 
% towards the end of April, many of the 
© hop vines were infeſted with the flies. 
* About the 2oth of May there was a 

very 
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very unequal crop, ſome vines being 
run ſeven feet, others not above three or 
four feet; ſome juſt tied to the poles, and 
ſome not viſible: and this aiſpropor- 
tionate inequality in their fize continued 
through the whole time of their growth. 
The flies now appeared upon the leaves 
of the forwardeſt vines, but not in ſuch 
numbers here, as they did in moſt other 
places. About the middle of June, the 
flies increaſed, yet not ſo as to endanger 
the crop ; but in diſtant plantations they 
were exceedingly multiplied, ſo as to 
ſwarm towards the end of the month, 
June 27th ſome ſpecks of fen appeared : 
irom this day to the gth of July, was 
very fine dry weather. At this time, 
when it was ſaid that the hops in moſt 
other parts of the kingdom looked black 
and ſickly, and ſcemed paſt recovery, ours 
held it out pretty well, in the opinion 
of the moſt ſkilful planters. The great 
leaves were indeed diſcoloured, and a little 
withered, and the fen was ſoinewhat 
increaſed. From the gth of July to the 
23d, the fen increaſed a good de l, but 
the flies and lice decreaſed, it raining 
daily much: in a week more the fen, 
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which ſeemed to be almoſt at a ſtand, 


was conſiderably increaſed, eſpecially in 
thoſe grounds where it firſt appeared. 
About the middle of Auguſt, the vines 
had done growing, both in ſtem and 
branch; and the ſorwardeſt began to be 
in hop, the reſt in bloom: the fen 
continued ſpreading, where it was not 
before perceived, and not only the leaves, 
but many of the burs alſo were tainted 
with it. About the 20th of Auguſt, 
ſome of the hops were inſected with the 
fen, and whole branches corrupted by it, 
Half the plantations had hitherto pretty 
well eſcaped, and from this time the fen 
ircreaſed but little: but ſeveral days vio- 
lent wind and rain, in the following 
week, ſo diſordered them, that many of 
them began to dwindle, and at laſt came 
to nothing; and of thoſe that then re- 
mained in bloom, ſome never turned to 
hops; and of the reſt which did, many 
of them were ſo ſmall, that they very 
litile exceeded the bigneſs of a good 
thriving bur, We did not begin to pick 
till the cighth of September, which was 
eighteen days later than we began the 


t ycar befoce, The crop was little above 
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te two hundred on an acre round, and not 


& good.” The beſt hops ſold this year at 
Way-hill fair for fixteen pounds the 
hundred. 


The almoſt uninterrupted wetneſs and 
coldneſs of the year 1725, very much af- 
fected the produce of the vines the enſu- 
ing year ; and we have ſufficient proof from 
the obſervations that the four or five laſt 
years afford us, that the moiſture or dryneſs 
of the preceding year has a conſiderable in- 
fluence on the productions of the vine the 
following year. Thus in the year 1722, 
there was a dry ſeaſon, from the beginning 
of Auguſt through the following autumn 
and winter, and the next ſummer there was 
good plenty of grapes. The year 1723 
was a remarkably dry year, and in the follow- 
ing year 1724, there was an unuſual plenty 
of grapes. The year 1724 was moderate- 
ly dry, and the following ſpring the vines 
produced a ſufficient quantity of bunches ; 
but by reaſon of the wetneſs and coldneſs 
of the year 1725, they proved abortive, and 
produced hardly any grapes. This very 
wet year had an ill effect, not only upon its 
own productions, but allo on thoſe of the 
following year: for notwithſtanding there 
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was a kindly ſpring, and blooming ſeaſon, in 
the year 1726, yet there were few bunches 
produced, except here and there in ſome ve- 
ry dry ſoils. This many gardencrs foreſaw 
early, when, upon pruning of thewines, they 
obſerved the bearing ſhoots to be crude and 
immature; which was the reaſon why they 
were not fruitful, The fuit crop thus failing 
in many places, the vines produced a ſecond, 
which had not time to come to maturity be- 
iore the cold weather came on. 

M.,. Miller ſent me the following account 
of the long and ſevere winter in the year 
7283 and of the effect it had on the plants 
and trees in this and the neighbouring coun- 


- 
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The autumn began with cold north and 

alk winds, and early in November the 
nights were generally froſty ; though the 
« froſt did not enter the ground deeper than 
& the ſuccceding days thawed, But towards 
&« the end of November the winds blew ex- 
e tremely cold from the north, which was 
« ſucceeded by a great ſnow, which fell in 
c ſuch quantities in one ni-ht, as to break off 
* large arms and tops of many cver-green 
© trees, on Which it lodged, 
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After the ſnow was down, it began to 
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freeze again, the wind continuing to 
blow from the north; the days were 
dark and cloudy for ſome time, but af- 
terwards it cleared up, and the ſun ap- 
peared almoſt every day, which melted 
the ſnow where expoſed to it, whereby 
the froſt penetrated the deeper into the 
ground, It was obſervable, that during 
theſe clear days, a great miſt or vapour 
appeared in the evenings, floating ncar 
the ſurface of the ground, till the cold 
of the night came on, when it was ſud- 
denly condenſed and diſappeared; the 
nights now began to be extreme ſharp. 
The ſpirit in the thermometer was 18 de- 
grees below the freezing point, {as mark- 
ed upon Mr. Fowler's thermometers) and 
it was at this time that vaſt quantities of 
lauriftinus's, phyllyrea's, alaternus's, roſe- 
mary, and other tender plants began to 
ſuffer ; eſpecially ſuch as were trimmed 
up to naked ſtems, or had been clipped 
late in the ſummer. At this time allo 
there were great numbers of trees dif- 
barked, ſome of which were of a conf - 
derable bulk; particularly two We#t-1n- 
dia plane trees, in the phyſic garden 
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Chelſea, which are near forty feet high, 
and a fathom in circumference, were diſ- 
barked almoſt from the bottom to the 
top, on the welt fide of the trees. And 
in a nurſery belonging to Mr, Francis 
Hurſt, great numbers of large pear-trees 
were all of them diſbarked on the weſt or 
ſouth-weſt {de of them. And in ſeveral 
other places I obſerved the like accident, 
and found it was conſtantly on the ſame 
ſide of the trees, 

„ About the middle of December the 
froſt abated of its intenſeneſs, and ſeemed 
to be at a ſtand, till the 23d of the month, 
when the wind blew extreme ſharp and 
cold from the eaſt, and the froſt continued 
very hard to the 28th day, at which time 
it began to abate again, and ſeemed to be 
going off, the wind changing to the ſouth ; 
but it did not continue long in this point, 
before it changed to the eaſt again, and 
the froſt returned, though not ſo violent as 
before, 

«© Thus the weather continued for the 
molt part froſty, till the middle of March, 
with a few intervals of mild weather, 
which brought forward ſome cf the early 
flowers; but the cold returning, ſoon de- 


&« ſtroyed 


« flecbas, ſage, maſiick, marum, and 
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ſtroyed them ; fo that thoſe plants which 
uſually flower in January and February, 
did not this year appear till the latter end 
of March, or the beginning of April ; as 
the crocus's, bepatice's, Perſæn iris's, bl:ck 
bellebores, polyanthus's, mezere: nr, and many 
others, 

© The cauliflower-plants which were 
planted out during the intervals betweca 
the froſt, were moſt of them defiroves, 
or ſo much pinched, as to loſe the great- 
eſt part of their leaves; whereas tho 
which had been planted out in October 
eſcaped very well. The early beans and 
peas were moſt of them deftroyed ; and 
great quantities of timber and fruit-trces, 
which had been lately removed, werc quite 
killed, 

* The loſs was very great in moſt cu- 
rious collections of plants; there being 
a great deſtruction made of many trecs, 
ſhrubs, and plants, which had endured 
the open air many years, without being 
the leaſt hurt by cold; as the granadi!/z 
or paſſion flower, arbutus or rar 
berry tree, cork tree, with moſt of ve 
aromatic plants, as roſemary, latens, 
ma- 
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ny others, which were deſtroyed to the 
ground, and were by many people pulled 
up and thrown away; but in warm dry 
ſoils, where they were ſuffered to remain 
undiſturbed, many of them broke out from 
the root again, tho' it was very late in the 
ſummer before they ſhewed any ſigns of 


6 recovery, 


© The plants in the conſervatories ſuffered 
very much by being ſo long ſhut up cloſe; 
for the days being for the moſt part 
cloudy, and the wind blowing very ſharp, 
the windows of the green-houſes could not 
be with ſafety opened, which occaſioned a 
noxious damp in the houſes, whereby the 
plants became ſickly, languiſhed and decay- 
ed ſoon after. 
«« Nor was the froſt more ſevere with us 
than in other parts of Europe, but on the 
contrary in compariſon favourable ; for 
in the ſouthern parts of France the 
olives, myrtles, ciſius's, and other trees 
and ſhrubs, which grow there almoſt 
ſpontaneouſly, were deſtroyed ; and in the 
northern parts of France, as about Paris, 
&c. the buds of many kinds of fruit-trees 
were deſtroyed, although cloſed, ſo that 
many ot them never opened, but decayed 
« and 


VEGETABLE STATICKS. 79 
and periſhed; and the fig-trees, which 


were expoſed to the open air, were _ 
deſtroyed, 

« In Holland the pznes, firs, and other 
hardy refinous trees, were moſt of them 
killed, altho' many of them are natives 
of the Alps, and other mountainous cold 
countries: but this I apprehend to be ow- 
ing to the lowneſs of their ſituation and 
ſoil, whereby their roots eaſily ran down 
into the water, which is more injurious to 
theſe trees than froſt. 

« But it was obſerved, that the trecs and 
ſhrubs which are natives of Virginia and 
Carolina, eſcaped well in Holland ; when 
almoſt all thoſe which were brought from 
Italy, Spain, or the ſouth parts of France, 
were cntirely deſtroyed. Which will 
greatly inhance the value of the former 
trees, eſpecially ſuch of them as are either 
proper for uſe or beauty. 

In Germany the winter was ſo ſevere as 
to deſtroy almoſt all their plants and flowers, 
which were not cither removed into the 
green- houſes, or protected by coverings 
from the froſt, as I was informed by let- 


ters from thence. 
C And 
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« And in Scotland the froſt and ſnow did 
great damage, ſome of the particulars of 
which I ſhall tranſcribe from a letter, 
which I received from a gentleman living 
near Edinburgh, who is a curious ob- 
ſerver. 

« About the 2oth of November, he ſays, 
they had much ſnow, which lay ten days, 
and then went off very pleaſantly without 
rain; and from that time till the middle 
of December, we had very good winter 
weather, when a great ſnow fell, which 
was attended with a ſtorm from the north- 
eaſt; which ſnow lay very thick upon the 
ground till the 12th day of January, du- 


ring which time there was a very intenſe 


froſt : after which the cold abated, and 
the ſnow went off gradually ; and about 
the end of January, - I obſerved in my 
green-houſe the flowers and young ſhoots 
of the orange and other exotick trees did 
begin to appear, and all of them began to 
prepare for vegetation. In the open ground 
we had ſpring cyclamens, primroſes, winter 
aconites, ſnow(rops, bellebores, polyanthus's, 
Glaſtenbury thorn, winter byacinths, and 
mexereons in flower, 

. But 
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* But before I procced to give a farther 
account of the weather, I ſhall offer you 
my thoughts upon the reaſon of this ve- 
getation ſo early, whilſt the cold was fo 
intenſe with you. Firſt, it is to be obſer ved, 
that our ſtorms of ſnow at that ſeaſon 
came on before the ſroſt had entered the 
ground ; ſo that the ſnow kept the ground 
warm and ſccure from the froſt, which 
only cruſted the top of the ſnow : du- 
ring this ſcaſon the wind blew from the 
eaſt, which coming off the ſea, (from 
which we are but eight miles diſtant) was 
not attended with ſo much cold as if it 
had blown over the land, which was 
covered with ſnow, where there is no 
ſea for two hundred miles. Till the fifth 
of February we enjoyed this weather; at 
which time we had a violent ſnow with 
a ſtorm from the ſouth-weſt, and the 
froſt having entered the ground before it 
fell, checked our early flowers from ap- 
pearing : during this ſnow, which con- 
tinued moſt part of February, we had a 
great deal of ſun-ſhine, which contributed 
very much to our early crops of cu- 
cumbers and melons; but during the nights 
it froze very hard, which deſtroyed great 
9 e numbers 
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numbers of plants that were not ſhel- 
tered, 


Every thing was now at a ſtand; the 


apricot and peach bloſſoms continued tur- 
gid ; but not being opened, they ſuffered 
very little ; the lauruſtinus's ſuffered ex- 
tremely by this laſt ſevere ſeaſon, eſpe- 
cially where the ſnow had been melted 
from their roots. 

* This ſnow went off with a violent 
ſouth-weſt wind, which was very bleak 
and cold; and where the ſun had no ac- 
ceſs, the ſnow lay till the 12th of March, 
at which time we had for ſix days very 
mild weather, which occaſioned our put- 
ting abroad our carnations, whereby we 
loſt moſt of them. The wind continued 
cold, varying from the ſouth-weſt to the 


north-weſt, and ſometimes north-eaſt ; 


and upon the 23d day it was very cold, 
the wind at north-weſt and by north ; 
in the evening the ſun was clouded, and 
the wind abated, the mercury in the ba- 
rometer fell at night; at two o'clock the 
next morning a violent hurricane at 
north-eaſt brought a ſnow in many 
places, 6, 10, and 12 feet deep, with a 
moſt piercing cold; the inow continued 

cc to 
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to fall till ten o'clock in the morning, 
* when the wind chopped about to the 
& north-weſt with incredible fierceneſs, 
ce and extreme cold. Now it was that in- 
© numerable ſheep and other cattle were 
e loſt in the mountains of ſnow; and many 
ce poor people going that morning to 
& look after their cattle, the remembrance 
* of which is terrible, were equally ſuf- 
« ferers with them, being buried in the 
« ſnow. 

The apricots and peaches which were 
c now in bloſſom upon warm walls, were 
e all deſtroyed, and not only the bloſſoms, 
© but the trees alſo, their bark burſting 
& 

I have often obſerved from theſe ther. 
mometers, when that kind of hovering lam- 
bent fog ariſes, (either mornings or cven- 
ings) which frequently betokens fair wea- 
ther, that the air which in the preceding 
day was much warmer, has, upon the ab- 
ſence of the ſun, become many degrees 
cooler than the ſurface of the earth; which 
being near 1500 times denſer than the air, 
cannot be fo ſoon affected with the alter- 
nacies of hot and cold; whence it is pro- 


bable, that thoſe vapours which are raiſed 
G 2 by 
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the warmth of the earth, are by the 
cooler air ſoon condenſed into a viſible 
form. And I have obſerved the ſame dif- 
ference between the coolneſs of the air, and 
the warmth of water in a pond, by putting 
my thermometer, which hung all night in 
the open air in ſummer time, into the water, 
juſt before the rifing of the ſun, when the 
like reek or fog was riſing on the ſurface of 
the water. 
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CHAP. II. 


Experiments, whereby to find out the force 
with which trees imbibe moiſture. 


Aving in the firſt chapter ſeen many 

procfs of the great quantities of li- 
quor imbibed and perſpired by vegetables, 
I propoſe in this, to inquire with what force 
they do imbibe moiſture, 

Though vegetables (which are inanimate) 
have not an engine, which, by its alternate 
dilatations and contractions, does in animals 
forcibly drive the blood through the arte- 
ries and veins; yet has nature wonderfully 
3 contrived 
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©ontrived other means, moſt powerfully to 
raiſe and keep in motion the ſap, as will in 
ſome meaſure appear by the experiments in 
this and the following chapter. 

I ſhall begin with an experiment upon roots, 
which nature has providently taken care to 
cover with a very fine thick ſtrainer ; that 
nothing ſhall be admitted into them, but what 
can readily be carried off by perſpiration, vege- 
tables having no other proviſton for diſcharg- 
ing their recrement. 


EXPERIMENT XXI. 


Auguſt 13, in the very dry year 1723, 
I dug down 2 + feet deep to the root 
of a thriving baking pear-tree, and laid 
bare a root : inch diameter = (Fig. 10.) I 
cut off the end of the root at i, and put 
the remaining ſtump i A into the glaſs tube 
d r, which was 1 inch diameter, and 8 inches 
long, cementing it faſt at r; the lower part 
of the tube d 2 was 18 inches long, and 3 
inch diameter in bore. 
Then I turned the lower end of the tube 
2 uppermoſt, and filled it full of water, and 
then immediately immerſed the ſmall end ⁊ 
into the ciſtern of mercury x ; taking away 
G 3 my 
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my finger, which ſtopped up the end of the 
tube 2. 

The root imbibed the water with ſo much 
vigour, that in 6 minutes time the mercury 
was raiſed up the tube d z as high as z, v2. 
8 inches, 

The next morning at 8 o'clock, the mer- 
cury was fallen to 2 inches height, and 2 
inches of the end of the root i were yet im- 
merſed in water, As the root imbibed the 
water, innumerable air-bubbles iſſued out at 
7, which occupied the upper part of the tube 
at 7, as the water left it, 


EXPERIMENT XXII. 


The eleventh experiment ſhews, with what 
great force branches imbibe water, where a 
branch with leaves imbibed much more than 
a column of 7 feet height of water could in 
the ſame time drive through 13 inches length 
of the biggeſt part of its item. And in the 
following experiments we ſhall find a farther 
proof of their ſtrong imbibing power, 

May 25, I cut off a branch of a young 
thriving apple-tree b, (Fig. 11.) about 3 feet 
long, with lateral branches; the diameter of 
the tranſverſe cut 7, where it was cut off, 
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was + of an inch: the great end of this 
branch I put into the cylindrical glaſs e u, 
which was an inch diameter within, and 
eight inches long. 

I th-n cemented faſt the joint , firſt fold- 
ing a ſtrap of ſheep's-ſkin round the ſtem, ſo 
as to make it fit well to the tube at r; then 
I cemented faſt the joint with a mixture of 
bees-wax and turpentine melted together in 
ſuch a proportion, as to make a very ſtiff 
clammy paſte when cold, and over the cement 
I folded ſeveral times wet bladders, binding 
it firm with packthread. 

At the lower end of the large tube e was 
cemented, on a leſſer tube 8 e, + inch dia- 
meter in bore, and 18 inches long: the ſub- 
ſtance of this tube ought to be full ; of an 
inch thick, elſe it will too eafily break in 
making this experiment. 

Theſe two tubes were cemented together 
at e, firſt with common hard brick-duit ce- 
ment to keep the tubes firm to each other; 
but this hard cement would, both by being 
long moiſt, and by the different dilatations 
and contractions of the glaſs and cement, 
ſeparate from the glaſs in hot weather, ſo 
as to let in air; to prevent which incon- 
venience, I further ſecured the joint will! 

G 4 the 
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the cement of bees. wax and turpentine, 
binding a wet bladder over all. If the hard 
cement be made of powdered chack inſtead 
of brick-dult, it is more binding, and is not 
ſo apt to be looſened by water, 

When the branch was thus fixed, I turned 
it Cownwards, and the glaſs tube upwards, 
and then filled both tubes full of water; 
ppon which I immediately applied the end 
of my finger to cloſe up the end of the 
ſmall tube, and immerſed it as faſt as I could 
into the glaſs ciſtern x, which was full of 
mercury and water, 

When the branch was now uppermoſt, 
and placed as in this figure, then the lower 
end of the branch was immerſed 6 inches in 
water, viz. from r toi. 

Which water was imbibed by the branch, 
at its tranſverſe cut ?; and as the water aſ- 
cended up the ſap- veſſels of the branch, fo 
the mercury aſcended up the tube e 2 from 
the ciſtern x; ſo as in half an hour's time 
the mercury was riſen 5 inches and + high 
up to >. 

And this height of the mercury did in 
ſome meaſure ſhew the force with which the 
ſap was imbibe.1, though not near the whole 
force; for while the water was imbibing, 

the 
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the tranſverſe cut of the branch was covered 
with innumerable little hemiſpheres of air, 
and many air- bubbles iſſued out of the ſap- 
veſſels, which air did in part fill the tube e , 
as the water was drawn out of it; ſo that 
the height of the mercury could only be 
proportionable to the exceſs of the quantity 
of water drawn off, above the quantity of 
air which iſſued out of the wood. 

And if the quantity of air, which iſſued 
from the wood into the tube, had been equal 
to the quantity of water imbibed, then the 
mercury would not riſe at all; becauſe there 
would be no room for it in the tube. 

But if 9 parts in 12 of the water be im- 
bibed by the branch, and in the mean time 
but three ſuch parts of air iſſue into the tube, 
then the mercury muſt needs riſe near 6 
inches, and ſo proportionably in different 
Caſes, 

I obſerved in this, and moſt of the follow- 
ing experiments of this ſort, that the mer- 
cury roſe higheſt, when the ſun was very 
clear and warm; and towards evening it 
would ſubſide 3 or 4 inches, and rife again 
the next day as it grew warm, but ſcl!! 
to the ſame height it did at firſt. For 1 h. 
always found the ſzp-veficls grow every d. 
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after cutting, leſs pervious, not only for water, 
but alſo for the ſap of the vine, which never 
paſſes to and fro ſo freely through the tranſverſe 
cut, after it had been cut 3 or 4 days, as at 
firſt; probably, becauſe the cut capillary 
veſſels are ſhrunk, the veſicles alſo, and in- 
terſtices between them, being ſaturate and 
dilated with extravaſated ſap, much more 
than they are in a natural ſtate. 

If I cut an inch or two off the lower 
part of the ſtem, which has been much ſa- 
turated by ſtanding in water, ien the branch 
will imbibe water again afreſh; though not 
altogether ſo freely, as when the branch was 
firſt cut off the tree. 

I repeated the ſame experiment as this 
22d, upon a great variety of branches of 
ſeveral ſizes and of different kinds of trees, 
ſome of the principal of which are as fol- 
low, vis. 


EXPERIMENT XXIII. 


July 6th and Sth, I repeated the ſame 
experiment with ſeveral green ſhcots of the 
vine, of this year's growth, each of them 
full two yards long. 

The mercury roſe much more leiſurely in 
theſe experiments, than with the apple-tree 

branch 3 
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branch ; the more the ſun was upon it, the 
faſter and higher the mercury roſe, but the 
vine-branches could not draw it above 4 
inches the firſt day, and 2 inches the third 
day. 

And as the ſun ſet, the mercury ſometimes 
ſubſided wholly, and would riſe again the 
next day, as the ſun came on the vine- 
branch. 

And J obſerved, that where ſome of theſe 
vine-branches were fixed on the north- ſide of 
the large trunk of a pear-tree, the mercury 
then roſe molt in the evening about 6 o'clock, 
as the ſun came on the vine-branch. 


EXPERIMENT XXIV, 


Auguſt , at 10 ante merid. (very hot ſun- 
ſhine) I fixed in the ſame manner as Ex. 22. 
a non-pareil branch, which had 20 apples on 
it; it was 2 feet high, with lateral branches, 
its tranſverſe cut + inch diameter: it imme- 
diately began to raiſe the mercury moſt vigo- 
rouſly, ſo as in 7 minutes it was got up to ⁊ 
12 inches high. 

Mercury being 13+ times ſpecifically hea- 
vier than water, it may eaſily be eſtimated to 
what height the ſeveral branches in theſe ex- 

periments 
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periments would raiſe water; for if any 
branch can raiſe mercury 12 inches, it will 
raiſe water 13 fcet 5 inches: a further allow- 
ance being alſo made for the perpendicular 
height of the water in the tubes, between r 
and z the top of the column of mercury; 
for that columa of water is lifted up by the 
mercury, be it more or leſs, 

At the ſame time, I tried a gen renner 
l anch 6 feet long; the mercury roſe but 4 
inches, it riſing higher or lower in branches 
nearly of the ſame fize and of the ſame 
kind of tree, according as the air iſſued thro' 
the ſtem, more or leſs freely, In the prece- 
ding experiment on the nonpareil branch, I 
had ſucked a little with my mouth at the ſmall 
end of the tube, to get ſome air bubbles out 
of it, before I immerſed it in the mercury; 
(but theſe air-bubbles are beſt got out by a 
ſmall wire run to and fro in the tube) and 
this ſuction made air-bubbles ariſe out of the 
tranſverſe cut of the branch : but though the 
quantity of thoſe air-bubbles thus ſucked out, 
was but ſmall; yct in this and many other 
experiments, I found, that after ſuch ſuction, 
the water was imbibed by the branch much 
more greedily, and in much greater quantity, 


ſuck- 


than the bulk of the air was, which was 
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ſacked out. Probably therefore, theſe air- 
bubbles, when in the ſap-veti-ls, do ſtop the 
free aſcent of the water, as is the caſe of 
little portions of air got between the water in 
capillary glaſs tubes, 

When the mercury is ra:fcd to its great- 
eſt height by precedent ſuction with the 
mouth, (which height it reaches ſometimes 
in 7 minutes, ſometimes in half an hour or 
an hour) then from that time it begins to 
fall, and continues ſo to do, till it is fallen 
5 or 6 inches, the height the branch would 
have drawn it to, without ſucking with the 
mouth, 

But when in a very warm day, the mer- 
cury is drawn up 5 or 6 inches, (without 
precedent ſuction with the mouth) thea it 
will uſually hold up to that height for ſeveral 
hours, viz. during the vigorous warmth of 
the ſun; becauſe the ſun is all that time 
ſtrongly exhaling moiſture from the branch 
thro” the leaves; on which account it muſt 
therefore imbibe water the more greedily, as 
is evident by many experiments in the firſt 
chapter. 

When a branch is fixed to a glaſs tube ſet 
in mercury, and the mercury ſubſides at 
night, it will not riſe the next morning, 

(as 
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Y (as the warmth of the ſun increaſes upon it) 
- unleſs you fill the tube firſt full of water: 


for if half or + of the large tube c be full 
of air, that air will be rarefied by the ſun; 
which rarefaction will depreſs the water in 
the tube, and conſequently the mercury can- 
not riſe. 

But where little water is imbibed the firſt 
day, (as in the caſe of the green ſhoots of the 
vine, Exper. 23.) then the mercury will riſe 
the ſecond and third day, as the warmth of 
the ſun comes on, without refilling the little 
water that was imbibed. 


EXPERIMENT XXV. 


In order to make the like experiment 'on 
larger branches, (when I expected the mer- 
cury would have riſen much higher than in 
ſmall ones) I cauſed glaſſes to be blown of 
the ſhape of this here deſcribed (Fig. 12.) of 
ſeveral dimenſions at r, from two to five 
inches diameter, with a proportionably large 
cavity, c the ſtem 2 as near r inch dia- 
meter as could be, the length of the tem 16 
inches. 

I cemented one of theſe glaſs veſſels to a 
large ſmooth barked thriving branch of an 
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apple- tree, which was 12 feet long, 14 inch 
diameter at 7: I filled the glaſs tube with 
water, and immerſed the ſmell end in the 
mercury x, which roſe but four inches, yer it 
imbibed water plentifully ; but the air iſſued too 
faſt out of the branch at z, for the mercury to 
riſe high. 

This, and many other experiments of this 
kind, convince me, that branches of 2, 3, or 
4 years old, are the beſt adapted to draw the 
mercury higheſt: the veſſels of thoſe that are 
older being too large and pervious to the air, 
which paſtes moſt freely thro' the dark, eſpe- 
cially at old eyes; as will be more fully 
proved in the filth chapter, 


EXPERIMENT XXVI. 


July zoth at noon, a mixture of ſun and 
clouds the day and night before, 24 hours 
continual rain: I cut off a branch of a golden 
pippin tree bb, (Fig. 13.) about three feet 
long, with ſeveral large lateral branches; its 
diameter at the great end p near an inch, 
which end I cemented well, and tied over it a 
piece of wet bladder. 

Then I cut off at 7 the main top twig, 
where it was inch diameter: I cemented 

the 
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the glaſs tube 2 r, to the remaining branch 


, and then filling the tube with water, ſet 


its lower end i in the mercury x; ſo that now 
the branch was placed with its top i down- 
wards in the water, in the aqueomercurial 
gage. 

It imbibed the water with ſuch ſtrength, as 
to raiſe the mercury with an almoſt equable 
progreſſion 11 inches by 3 o'clock (the 
ſun ſhining then very warm); at which time 
the water in the tube i being all imbibed, 
ſo that the end i of the branch was out of the 
water, then the air-bubbles paſſing more freely 
down to 2, and no water being imbibed, the 
mercury ſubſided 2 or 4 inches in an hour. 

At a quarter paſt 4 o'clock, I refilled the 
gage with water; upon which the mercury 
roſe afreſh from the ciſtern, vig. 6 inches 
the firſt + of an hour, and in an hour more 
the mercury reached the ſame height as be- 
fore, viz. 11++ inches. And in an hour 
and ⁊ more, it roſe q inch more than at firſt 
but in half an hour after this it began gently 
to ſubſide ; vz. becauſe the ſun declining and 
ſetting, the perſpiration of the leaves decreaſed, 


and conſequently the imbibing of the water 


at i abated, for the end 1 was then an inch 
in water. 
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July z iſt, it raining all this day, the mer 
cury roſe but 3 inches, which height it ſtood 
at all the next night. Auguſt 1t, fair ſun- 
ſhine; this day the mercury roſe to 8 inches: 
this ſhews again the influence of the ſun, in 
railing the mercury. | 

This experiment proves that branches will 
ſtrongly imbibe from the ſmall end immerſed 
in water to the great end; as well as from 
the great end immerſed in water to the ſmall 
end; and of this we ſhall have further proof 
in the fourth chapter, 


EXPERIMENT XXVII. 


In order to try whether branches would 
imbibe with the like force with the bark of, 
I took two branches, which I call M and N; 
I faxed M in the ſame manner as the branch 
in the foregoing experiment, with its top 
downwards, but firſt I took off all the bark 
from i to r. Then fixed I in the ſame man- 


ner the branch N, but with its great end 


downwards, having alto taken off all the 
bark from 7 tor; both the branches drew 
the mercury up to 2, 8 inches; ſo they im- 
bibed with equal ſtrength at either end, and 
that without bark. 
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1 
. 


EXPERIMENT XXVIII. 


Auguſt 13, I tripped the leaves off an 
apple- tree branch, and then fixed the great end 
of the ſtem in the gage; it raiſed the mer- 
cury 2 ＋ inches, but it ſoon ſubſided, for 
want of the plentiful perſpiration of the leaves, 
ſo that the air came in almoſt as faſt as the 
branch imbibed water. 


EXPERIMENT XXIX. 


I tried alſo with what force branches 
would imbibe at their ſmall ends, as they 
are in their natural ſtate, growing to the 
trees. | 

Auguſt 2d, I cemented faſt the gage r i z 
(Fig. 14.) to the pliant branch 6, of a dwarf 
golden pippin-tree, the ſame from which I cut 
the branch in Experiment 26. As the tranſ- 
verſe cut i imbibed the water, the mercury 
roſe 5 inches obliquely in the tube 2, and 4 
inches perpendicular. 

In this, as alſo in many of the preceding 
experiments, there were ſeveral wounds in 
that part of the branch which was within the 
large tube 7 7; which were made by cutting 
off little lateral twigs, and ſwelling eyes, that 


the branch might caſily enter the tube: and 
if 
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if theſe wounds (thro' which the air always 
iſſued plentifully) were well covered with 
ſheep's gut, bound over with packthread, it 
would in a good meaſure prevent the in- 
convenience: but I always found that my 
experiments of this kind ſucceeded beſt, 
when that part of the branch which was to 
enter the tube i, was clear of all knots or 
wounds ; for when there were no knots, the 
liquor paſſed moſt freely, and leſs air iſſued 
Out. x 

The ſame day I fixed in the ſame manner 
a gage to an apricot tree; it raiſed the mer- 
cury three inches; and though all the water 
was ſoon imbibed, yet the mercury roſe every 
day an inch, for many days, and ſubſided 
at night; ſo that the branch muſt daily 
imbibe thus much air, and remit it at 
night, | 


EXPERIMENT XXX. 


We have a further proof of the influence 
of the leaves in raiſing the ap i in this follow- 
ing experiment. 

Auguſt 6th, I cut off a large ruſſet-piphin a, 
(Fig. 15.) with a ſtalk : ++ inch long, and 
12 adjoining leaves g growing to it. 

H 2 I ce- 
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I cemented the ſtalk faſt into the upper end 
of the tube d, which tube was 6 inches long, 
and + inch diameter; as the ſtalk imbibed the 
water, it raiſed the mercury to z, four inches 
high. 

1 fixed another apple of the ſame ſize and 
tree in the ſame manner, but firſt pulled off 
the leaves; it raiſed the mercury bat 1 inch. 
I fixed in the ſame manner a like bearing twig 
with 12 leaves on it, but no apple: it raiſed 
the mercury 3 inches. 

I then took a little bearing twig, without 
either leaves or apple; it raiſed the mercury 
2 inch. 

So a twig with an apple and leaves raiſed 
the mercury 4 inches, one with leaves only 3 
inches, one with an apple without leaves 1 
inch. 

A quince which had two leaves, juſt at 
the twig's inſertion into it, raiſed the mercury 
2+ + inches, and held it up a conſiderable 
time, 

A ſprig of mint fixed in the ſame manner, 
raiſed the mercury 3+ inches, equal to 4 
feet 5 inches height of water, 


ExPE- 
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EXPERIMENT XXXI. 
I tried alſo the imbibing force of a great 


variety of trees, by fixing aqueo-mercurial ga. 
ges to branches of them cut off, as in Expe- 
Timent 22, 

The pear, quince, cherry, walnut, peach, 
apricot, plum, black-thorn, white-thorn, 
gooſeberry, water-clder, ſycamore, raiſed the 
mercury from 6 to 3 inches high: thaſe 
which imbibed water moſt freely in the ex- 
periments of the firſt chapter, raiſed the mer- 
cury higheſt in theſe experiments, except the 
horſe-cheſnut, which tho' it imbibed water 
moſt freely, yet raiſed the mercury but one 
inch, becauſe the air paſſed very faſt thro' its 
ſap- veſſels into the gage. 

The following raiſed the mercury but one 
or two inches, vig. the elm, oak, horſe-cheſ- 
nut, filberd, fig, mulberry, willow, ſallow, 
oſier, aſh, lynden, currants. 

The evergreens, and following trees and 
plants, did not raiſe it at all; the laurel, roſe- 
mary, lauruſtinus, phyllyrca, fuz, rue, bar- 
berry, jeſſamine, cucumber-branch, pumkin, 
Jeruſalem artichoke. 


H 3 ExpE- 
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EXPERIMENT XXXII. 


We have a further proof of the great 
force with which vegetables imbibe moi- 
ſture, in the following experiment, viz. I 
filled near full with peas and water, the 
iron pot, (Fig. 37.) and laid on the peas a 
leaden cover, between which and the fides 
of the pot, there was room for the air which 
came from the peas to paſs freely. I then 
laid 184 pounds weight on them, which (as 
the peas dilated by imbibing the water) 
they lifted up. The dilatation of the peas 
is always equal to the quantity of water they 
imbibe: for if a few peas be put into a 
veſſel, and that veſſel be filled full of water, 
though the peas dilate to near double 
their natural fize, yet the water will not 
flow over the veſſel, or at moſt very incon- 
fiderably, on account of the expanſion of 
little air-bubbles, which are iſſuing from the 
Ps. 

Being defirous to try whether they would 
raiſe a much greater weight, by means of a 
lever with weights at the end of it, I com- 
preſſed ſeveral freſh parcels of peas in the 
ſame pot, with a force equal to 1600, 800, 
and 400 pounds; in which experiments, tho 

the 
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the peas dilated, yet they did not raiſe the le- 
ver, becauſe what they increaſed in bulk was, 
by the great incumbent weight, preſſed into 
the interſtices of the peas, which they ade- 
quately filled up, being thereby formed into 
pretty regular dodecahedrons. 

We ſee in this experiment the vaſt force 
with which ſwelling peas expand ; and it is 
doubtleſs a conſiderable part of the ſame force 
which is exerted, not only in puſhing the 
plume upwards into the air, but alſo in ena- 
bling the firſt ſhooting radicle of the pea, and 
all its ſubſequent tender fibres, to penetrate and 
ſhoot into the carth. 


EXPERIMENT XXXIII. 


We ſee, in the experiments of this chapter, 
many inſtances of the great efficacy of attrac- 
tion; that univerſal principle which is ſo ope- 
rative in all the very different works of na- 
ture; and is moſt eminently ſo in vegetables, 
all whoſe minuteſt parts are curiouſly ranged 
in ſuch order, as is beſt adapted, by 
their united force, to attract proper nouriſh- 
ment. 

And we ſhall find in the following expe- 
riment, that the diſſevered particles of ve- 
getables, and of other bodies, have a 

H 4 ſtrong 


104 VEGETABLE STATICKS. 


ſtrong attractive power when they lie con- 
fuſed. 

That the particles of wood are ſpecifically 
heavier than water, (and can therefore ſtrong- 
ly attract it) is evident, becauſe ſeveral ſorts of 
wood fink immediately ; others (even cork) 
when their interſtices are well ſoaked, and 
filled with water: as Dr. Deſaguliers inform- 
ed me, he found a cork which had been ſeal- 
ed up in a tube with water for four years, 
to be then ſpecifically heavier than water; 
others (as the Peruvian bark) ſink when very 
fincly pulverized, becauſe all their cavities 
which made them ſwim, are thereby de- 
ſtroyed. 

In order to try the imbibing power of 
common wood aſhes, I filled a glaſs tube c r 
1, 5 feet long, and + of an inch diameter, 
(Fig. 16.) with well dried and ſiſted wood 
aſhes, preſſing them cloſe with a rammer ; I 
tied a piece of linen over the end of the tube 
at i, to keep the aſhes from falling out; I then 
cemented the tube c faſt at 7 to the aqueo- 
mercurial gage 2; and when I had filled 
the gage full of water, I immerſed it in the 
ciſtern of mercury x; then to the upper end 
of the tube c, at o, I ſcrewed on the mercurial 


gage a b. 


The 
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The aſhes, as they imbibed the water, 
drew the mercury up 3 or 4 inches in a few 
hours towards 2; but the three following 
days it roſe but 1 inch, + inch, and , and fo 
leſs and leſs, ſo that in 5 or 6 days it ceaſed 
riſing: the higheſt it roſe was 7 inches, 
which was equal to railing water 8 feet 
high. 

This had very little effect on the mercury 
in the gage @ 6, unleſs it were, that it would 
riſe a little, v:z, an inch or little more in the 
gage at a, as it were by the ſuction of the 
aſhes, to ſupply ſome of the air-bubbles which 
are drawn out at i. | 

But when I ſeparated the tube co from the 
gage r 2, and ſet the end : in water, then the 
moiſtare (being not reſtrained as beiore} roſe - 
faſter and higher in the aſhes co, and depref{- 
ed the mercury at 2, ſo as to be 3 inches lows 
er than in the leg 5, by driving the air up- 
wards, which was intermixcd with the 
aſhes. 
I filled another tube 8 feet long, and inch 
diameter, with red lead; and affixed it in he 
place of c o to the gages @ b, 12. The imcr- 
cury roſe gradually 8 inches to 8. 

In both theſe experiments, the end 7 was 
covered with innumerable air- bubbles, ma 

of 
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of which continually paſſed off, and were ſuc- 
ceeded by others, as at the tranſverſe cuts in 
the experiments of this chapter. And as there, 
ſo in theſe, the quantity of air- bubbles decrea- 
ſed every day, ſo as at laſt to have very few: 
the part i immerſed in the water, being be- 
come ſo ſaturate therewith, as to leave no room 
for air to pals. 

After 20 days I picked the minium out of 
the tube, and found the water had riſen 3 feet 
7 inches, and would no doubt have riſen high- 
er, if it had not been clogged by the mercury 
in the gage 2. For which reaſon the moi- 


ſture roſe but 20 inches in the aſhes, where 


it would otherwiſe have riſen 30 or 40 
inches. 
And as Sir Iſaac Newton (in his Optics, 
query 31.) obſerves, © The water riſes up 
* to this height, by the action only of thoſe 
t particles of the aſhes which are upon the 


« ſurface of the elevated water; the particles 


* which are within the water, attracting or 
© repelling it as much downwards as up- 
.«« wards; and therefore the action of the 
particles is very ſtrong : but the particles 
* of the aſhes being not ſo denſe and cloſe 
« together as thoſe of glaſs, their action is 
not ſo ſtrong as that of glaſs, which keeps 
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& quick-filver ſuſpended to the height of 60 
© or 70 inches, and therefore acts with a 
c force, which would keep water ſuſpended 
* to the height of above 60 feet. 

* By the ſame principle, a ſponge ſucks in 
« water; and the glands in the bodies of a- 
« nimals, according to their ſeveral natures 
* and diſpoſitions, ſuck in various juices from 
« the blood.” 

And by the ſame principle it is, that we 
ſee, in the preceding experiments, plants im- 
bibe moiſture ſo vigorouſly up their fine ca- 
pillary veſſels; which moiſture, as it is carried 
off in perſpiration, (by the action of warmth) 

thereby gives the ſap- veſſels liberty to be al- 
moſt continually attracting of freſh ſupplies ; 
which they could not do, if they were full 
ſaturate with moiſture : for without perſpira- 
tion the ſap muſt neceſſarily ſtagnate, not- 
withſtanding the ſap- veſſels are ſo curiouſly 
adapted by their exceeding fineneſs, to raiſe a 
{ap to great heights, in a reciprocal proportion 
to their very minute diameters. 


CHAP, 
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CHAP. III. 


Experiments, ſtewing the force of the ſap in 
the vine in the bleeding ſeaſon. 


AVING in the firſt chapter ſhewn 

many inſtances of the great quantities 
imbibed and perſpired by trees, and in the ſe- 
cond chapter ſeen the force with which they 
do imbibe moiſture ; I propoſe next to give 
an account of thoſe experiments, which 
will prove with what great force the ſap of 
the vine is puſhed forth, in the bleeding 
ſeaſon, 


Ex TERIME NT XXXIV. 


March zoth at 3 f. m. I cut off a vine on 

a weſt:rn aſpect, within ſeven inches of the 
ground; the remaining ſtump c (Fig. 17.) 
had no lateral branches: it was 4 or 5 years 
old, and mch diameter. I fixed to the top 
of the ſtump, by means of the braſs collar 
5, the glaſs tube & f, ſeven feet long, and 
inch diameter; I ſecured the joint & with 
ſtift cement made of melted bees-wax and 
turpentine, and bound it faſt over with ſe- 
veral folds of wet bladder and packthread : 
I then 
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I then ſcrewed a ſecond tube /g to the firſt, 
and then a third g 4, to 2 5 feet height. 

The ſtem not bleeding into the tube, I 
filled the tube two feet high with water ; 
the water was imbibed by the ſtem within 
3 inches of the bottom, by 8 o'clock that 
evening. In the night it rained a ſmall 
ſhower, The next morning at 6 and 2, the 
water was riſen three inches above what it 
was fallen to laſt night at eight o'clock. 
The thermometer which hung in my porch 
was 11 degrees above the freezing point. 
March 31 from 6 and 5 4. m. to 10 p. m. 
the ſap roſe 8 + inches. April 1ſt, at 6 
a, m, thermometer 3 degrees above the 
freezing point, and a white hoar froſt, the 
ſap roſe from ten o'clock laſt night 3 +5 
inches more; and ſo continued riſing daily 
till it was above 21 feet high, and would 
very probably have riſen higher, if the joint 
5 had not ſeveral times leaked : after ftop- 
ping of which it would rife ſometimes at 
the rate of an inch in 3 minutes, ſo as to 
riſe 10 feet or more in a day. In the chief 
bleeding ſeaſon it would continue riſing 
night and day; but much more in the day 
than night, and moſt of all in the greateſt 
heat of the day; and what little finking it 

3 had 
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had of 2 or 3 inches was always after ſun- 
ſet; which I ſuſpe&t was principally occa- 
ſioned by the ſhrinking and contraction of 
the cement at 5, as it grew cool. 

When the ſun ſhined hot upon the vine, 
there was always a continued ſeries of air- 
bubbles, conſtantly aſcending from the ſtem 
through the ſap in the tube, in ſo great plenty 
as to inake a large froth on the top of the 
ſap, which ſhews the great quantity of air 
which is drawn in through the roots and ſtem. 

From this experiment we find a confide- 
rable energy in the root to puſh up ſap in 
the bleeding ſeaſon, 

This put me upon trying, whether 1 
could find any proof of ſuch an energy, 
when the bleeding ſeaſon was over. In or- 
der to which, 


EXPERIMEN T XXXV. 


July 4th, at noon, I cut off within 3 
inches of the ground, another vine on a 
ſouth aſpect, and fixed to it a tube 7 feet 
high, as in the foregoing experiment: I 
filled the tube with water, which was im- 
bibed by the root the firſt day, at the rate 
of a footin an hour, but the next day much 
more ſlowly; yet it was continually ſinking, 
2 ſo 
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ſo that at noon day I could not oe | it ſo much 
as ſtationary. 

Yet by Experiment the 3, on the vine, 
in the garden pot, it is plain, that a very 
conſiderable quantity of ſap was daily preſſing 
through this ſtem, to ſupply the perſpira- 
tion of the leaves, before I cut the vine off. 
And if this great quantity were carried up by 
pulſion or truſion, it muſt needs have riſen 
out of the ſtem into the tube. 

Now, ſince this flow of ſap ceaſes at once, 
as ſoon as the vine was cut off the ſtem, 
the principal cauſe of its riſe muſt at the 
ſame time be taken away, v/Z. the great 
perſpiration of the leaves. 

For though it is plain by many experiments, 
that the ſap enters the ſap-veſicls of plants 
with much vigour, and is probably carried 
up to great heights in thoſe veſſels, by the 
vigorous undulations of the ſun's warmth, 
which may reciprocally cauſe vibrations in 
the veſicles and ſap- veſſols, and thereby make 
them dilate and contract a little; yet it ſeems 
as plain, (from many experiments, as particu- 
larly Exper. 13, 14, 15, and Exper. 43, 
where, though we are aſſured that a great 
quantity of water paſſed by the notch cut 2 or 
3 feet above the end of the ſtem; yet was the 

notch 
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notch very dry, becauſe the attraction of the 


perſpiring leaves was much greater than the 
force of truſion from the column of water: 
from theſe experiments, I ſay, it ſeems 
evident) that the capillary ſap-veſſels, out of 
the bleeding ſeaſon, having little power to 
protrude ſap in any plenty beyond their ori- 
fices; but as any ſap is evaporated off, they 
can by their ſtrong attraction (aſſiſted by 
the genial warmth of the ſun) ſupply the 
great quantities of ſap drawn off by perſpi- 


ration. 


EXTPERIMENT XXXVI. 


April 6th, at 9. a. m. rain the evening be- 
fore, I cut off a vine on a ſouthern aſpect, 
at a, (Fig. 18.) two feet nine inches from 
the ground; the remaining ſtem a 6 had 
no lateral branches; it was + inch diameter; 
I fixed on it the mercurial gage ay. At 11 
a. m. the mercury was riſen to 2, 15 inches 
higher than the leg x, being puſhed down 
at x, by the force of the ſap which came 
out of the ſtem at a. 

At 4 p.m. it was ſunk an inch in the leg zy. 

April 7th and 8 3. m. riſen very little, a 
fog: at 11 4. m. it is 17 inches high, and the 
fog gone. 

April 
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April roth, at 7 a. m. mercury 18 inches 
high; I then added more mercury, ſo as to 
make the ſurface z 23 inches higher than x; 
the ſap retreated very little into the ſtem, 
upon this additional weight, which ſhews 
with what an abſolute force it advances: at 
noon it was ſunk one inch. 

April 11,at7 4. n. 24 ++ inches high, 
ſun-ſhine: at 7 p. n. 18 inches high. 

April 14th, at 7 a. n. 29 ＋ inches high, 
at ꝙ 4. m. 22 ＋ fine warm ſun-ſhine; here 
we ſee that the warm morning ſun gives a 
freſh vigour to the ſap. At 11 4. n. the ſame 
day 16 ＋ 2, the great perſpiration of the ſtem 
makes it fink. 

April 16th at 6 a. m. 19 ++ rain, At 4 
P. m. 13 inches. The ſap (in the foregoing 
experiment, numb. 34.) riſen this day ſince 
noon 2 inches, while this funk by the perſpi- 
ration of the ſtem; which there was little 
room for, in the very ſhort ſtem of the other. 

April 17th, at 11 4. m. 24 +; inch high, 
rain and warm; at 7 p. m. 29 ++, fine warm 
rainy weather, which made the ſap riſe all 
day, there being little perſpiration by reaſon 
of the rain, 

April 18th, at 7 4. m. 32 ＋ inches high, 
and would have riſen higher, if there had 

I been 
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been more mercury in the gage; it being all 
forced into the leg y 2. From this time to 
May 5th, the force gradually decreaſed. 

The greateſt height of the mercury being 
32 + : inches; the force of the fap was 
then equal to 36 feet 5 + inches height 
of water. 

Here the force of the riling ſap in the 
morning 1s plainly owing to the energy of 
the root and ſtem, In another like mercurial 
gage, (fixed near the bottom of a vine, which 
run 20 feet high) the mercury was raiſed by 
the force of the ſap 38 inches equal to 43 
feet ＋ 3 inches +7, height of water. 

Which force is near five times greater than 
the force of the blood in the great crural ar- 
tery of a horſe; ſeven times greater than 
the force of the blood in the like artery of 
a dog; and eight times greater than the 
blood's force in the ſame artery of a fallow 
doe: which different forces I found by 
tying thoſe ſeveral animals down alive upon 
their backs; and then laying open the great 
left crural artery, where it firſt enters the 
thigh, I fixed to it (by means of two braſs 


pipes, which run one into the other) a glaſs 


tube of above ten feet long, and r of an 
inch diameter in bore: in which tube the 
blood 
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blood of one horſe roſe eight feet three 
inches, and the blood of another horſe eight 
feet nine inches. The blood of a little 
dog ſix feet and a half high: in a large ſpaniel 
ſeven feet high. The blood of the fallow 
doe mounted five feet ſeven inches. 


EXPERIMENT XXXVIL 


April 4th, I fixed three mercurial gages, 
(Fig. 19.) A, B, C, toa vine, on a ſouth- 
eaſt aſpect, which was 50 feet long, from 
the root to the end rv. The top of the wall 
was 11 ++; feet high; from ? to &, 8 feet; 
from E toe, 6 feet -; from e to A, 1 foot 
10 inches; from e to o, 7 feet; from o to B, 
5 +: feet; from o to C, 22 feet g inches; 
from to , 32 feet g inches. 

The branches to which and C were fixed, 
were thriving ſhoots two years old, but the 
branch o B was much older. 

When I firſt fixed them, the mercury was 
puſhed by the force of the ſap, in all the gages 
down the legs 4, 5, 13, ſo as to riſe nine 
inches higher in the ocher legs. 

The next morning at 7 4. m. the mercury 
in A was puſhed 14 J inches high, in B 
12 +5,in C13 . 
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The greateſt height to which they puſhed 
the ſap ſeverally, was 4 21 inches, B 26 
inches, G 26 inches. 

The mercury conſtantly ſubſided by the 
retreat of the ſap about g or 10 in the morn- 
ing, when the ſun grew hot; but in a very 
moiſt foggy morning the ſap was later before 
it retreated, vig. till noon, or ſome time after 
the fog was gone. 
About 4 or 5, o'clock in the afternoon, 

when the ſun went off the vine, the ſap be- 
gan to puſh afreſh into the gages, ſo as to 
make the mercury riſe in the open legs; but 
it always roſe faſteſt from ſun-riſe till ꝙ or 
10 in the morning. 

The ſap in B (the oldeſt ſtem) played the 
moſt freely to and fro, and was therefore 
ſooneſt affected with the changes from hot to 
cool, or from wet to dry, and vice verſd. 

And April 10, towards the end of the 
bleeding ſeaſon, B began firſt to ſuck up the 
mercury from 6 to 5, ſo as to be 4 inches 
higher in that leg than the other. But 
April 24, after a night's rain, B puſhed the 
mercury 4 inches up the other leg; A did not 
begin to ſuck till April 2g, vig. g days after 
B; C did not begin to ſuck till May 3, 4s. 
13 days after B, and 4 days after 4; May 5, 


at 
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at 7 a, m. A puſhed 1 inch, CI; but to- 
wards noon they all three ſucked. 

I have frequently obſerved the ſame differ - 
ence in other vines, where the like gages have 
been fixed at the ſame time, to old and young 
branches of the ſame vine, v:z, the oldeſt be- 
gan firſt to ſuck. 

In this experiment we ſee the great force 
of the ſap, to 44 feet 3 inches diſtance from 
the root, equal to the force of a column of 
water 30 feet 11 inches ++ high. 

From this experiment we ſee too, that this 
force is not from the root only, but muſt alſo 
proceed from ſome power in the ſtem and 
branches: for the branch B was much ſoon- 
er influenced by changes from warm to cool, 
or dry to wet, and vice verſa, than the other 
two branches A or C; and B was in an im- 
bibing ſtate, g days before A, which was all 
that time in a ſtate of puſhing ſap; and C 
puſhed 13 days after B had ceaſed puſhing, 

and was in an imbibing ſtate, 
Which imbibing ſtate vines and apple-trees 
continue in, all the ſummer, in every branch, 
as I have found by fixing the like gages to 
them in July, - 
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EXPERIMENT XXXVIII. 


March 10, at the beginning of the bleed- 
ing ſeaſon, (which is many days ſooner or 
later, according to the coldneſs or warmth, 
moiſture or drineſs of the ſeaſon) I then cut 
off a branch of a vine b f c g at b, (Fig. 20.) 
which was three or four years old, and ce- 
mented faſt on it a braſs-collar, with a ſcrew 
in it; to that I ſcrewed another braſs collar, 
which was cemented faſt to the glaſs tube 2, 
7 feet long and . inch diam. (which I find 


to be the propereſt diam.) to that I ſcrewed 


others, 38 feet height. Theſe tubes were 
faſtened and ſecured in long wooden tubes, 
3 inches ſquare, one fide of which was a door 
opening upon hinges; the ule of thoſe wooden 
tubes was to preſerve the glaſs tubes from 
being broke by the freczing of the ſap in 
them in the night. But when the danger of 
hard froſts was pretty well over, as at the be- 
ginning of April, then I uſually fixed the 
glaſſes without the wooden tubes, faſtening 
them to ſcaffold poles, or two long iron ſpikes 
drove into the wall. 

Before I proceed to give an account of 


the riſe and fall of the ſap in the tubes, I 


will 
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will firſt de ſcribe the manner of cementing 
on the braſs collar &, to the ſtem of the 
vine, in which I have been often diſappointed, 
and have met with difficulties; it muſt there- 
fore be done with great care. 

Where I defign to cut the ſtem, I firſt 
pick off all the rough ſtringy bark carefully 
with my nails to avoid making any wound 
through the green inner bark; then I cut off 
the branch at 7, (Fig. 21.) and immediately 
draw over the ſtem a piece of dried ſheeps- 
gut, which I tie faſt, as near the end of the 
ſtem as I can, ſo that no ſap can get by it, 
the ſap being confined in the gut z7f : then 
I wipe the ſtem at 7 very dry with a warm 
cloth, and tie round the ſtem a ſtiff paper 
funnel x, binding it faſt at x to the ſtem, 
and pinning cloſe the folds of the paper from 
x to 7: then I ſlide the braſs collar over 
the gut, and immediately pour into the pa- 
per funnel melted chalk cement, and then 
ſet the braſs collar into it; which collar is 
warmed, and dipped before in the cement, 
that it may the better now adhere : when 
the cement is cold, I pull away the gut, and 
ſcrew on the glats tubes. 

But finding ſome inconvenience in this 
hot cement, (becauſe its heat kills the ſap- 
I 4 veſſels 
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veſſels near the bark, as is evident by their 
being diſcoloured) I have fince made uſe of 
the cold cement of bees-wax and turpentine, 
binding it faſt over with wet bladder and pack- 
thread, as in Exper. 3 4. 

Inſtead of braſs-collars, which ſcrewed 


into each other, I often (eſpecially with the 


ſyphons in Exper. 36, and 37.) made uſe 
of two braſs collars, which were turned a 
little tapering, ſo that one entered and exactly 
fitted the other. 

This joining of the two collars was ef- 
fectually ſecured from leaking, by firſt 
anointing them with a ſoft cement ; and 
they were ſecured from being disjoined, by 
the force of the aſcending ſap, by twiſting 
packthread round the protuberant knobs on 
the ſides of the collars. When I would 
ſeparate the collars, I found it neceſſary (ex- 
cept in hot fun-ſhine) to melt the ſoft ce- 
ment by applying hot irons on the outſide of 
the collars. 

It is needful to ſhade all the cemented 
joints from the ſun with looſe folds of pa- 
per, elſe its heat will often melt them, and 
ſo dilate the cement, as to make it be drove 
forcibly up the tube, which defeats the ex- 
periment. | 
The 
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The vines to which the tubes in this expe- 
riment were fixed, were 20 feet high from 
the roots to their top; and the glaſs tubes fix- 
ed at ſeveral heights þ from the ground, from 
6 to 2 feet, 

The ſap would riſe in the tube the firſt 
day, according to the different vigour of the 
bleeding ſtate of the vine, either 1, 2, 5, 12, 
15, or 25 feet; but when it had got to its 
greateſt height for that day, if it was in the 
morning, it would conſtantly begin to ſubſide 
towards noon. 

If the weather was very cool about the 
middle of the day, it would ſubſide only from 
110r 12 to 2 in the afternoon; but if it were 
very hot weather, the ſap would begin to 
ſubſide at ꝙ or 10 O clock, and continue 
ſubſiding till 4, 5, or 6 in the evening, 
and from that time it would continue ſta- 
tionary for an hour or two; after which it 
would begin to riſe a little, but not much 
in the night, nor till after the ſun was up 
in the morning, at which time it roſe 
taſteſt, 

The freſher the cut of the vine was, and 
the warmer the weather, the more the ſap 
would riſe, and ſubſide in a day, as 4 or 6 
fect, 


But 
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But if it were 5 or 6 days fince the vine 
was cut, it would riſe or ſubſide but little; 
the ſap-veſſels at the tranſverſe cut being ſa- 
turate and contracted. 

But if I cut off a joint or two off the ſtem, 
and new fixed the tube, the jap would then 
riſe and ſubſide vigorduſly. 

Moiſture and warmth made the ſap moſt 
vigorous. 

If the beginning or middle of the bleeding 
ſeaſon, being very kindly, had made the mo- 
tion of the ſap vigorous, that vigour would 
immediately be greatly abated by cold eaſterly 
winds. 

If in the morning, while the ſap is in a ri- 
ſing ſtate, there was a cold wind with a 
mixture of ſun- ſhine and cloud; when the 
ſun was clouded, the ſap would immediately 
viſibly ſubſide, at the rate of an inch in a mi- 
nute for ſeveral inches, if the ſun continued 
ſo long clouded : but as ſoon as the ſun-beams 
broke out again, the ſap would immediately 
return to its then riſing ſtate, juſt as any li- 
quor in a thermometer riſes and falls with the 
alternacies of heat and cold; whence tis pro- 
bable, that the plentiful riſe of the ſap in the 
vine in the bleeding ſeaſon, is effected in the 
ſame manner. 

When 
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When three tubes were fixed at the ſame 
time to vines on an eaſtern, a ſouthern, and a 
weſtern aſpect, round my porch, the ſap 
would begin to riſe in the morning firſt in 
the eaſtern tube, next in the ſouthern, and 
laſt in the weſtern tube: and towards noon it 
would accordingly begin to ſubſide, firſt in 
the eaſtern tube, next in the ſouthern, and 
laſt in the weſtern tube, 

Where two branches aroſe from the ſame 
old weſtern trunk, and 15 inches from the 
ground; and one of theſe branches was 
ſpread on a ſouthern, and the other on a 
weſtern aſpect ; and glaſs tubes were at the 
ſame time fixed to each of them; the ſap 
would in the morning, as the ſun came on, 
riſe firſt in the ſoutherm then in the weſtern 
tube; and would begin to ſubſide, firit in the 
ſouthern, then in the weſtern tube. 

Rain and warmth, aſter cold and dry, 


would make the ſap riſe all the next day, 
without ſubſiding, tho' it would riſe then 


ſloweſt about noon; becauſe in this caſe 

the quantity imbibed by the root, and 
raiſed from it, exceeded the quantity per- 
ſpired. 


The 


bj 
% 
| . 
[ : 


;% * 


2 
2 * 
a 
OO — 


124 VEGETABLE STATICKS. 


The ſap begins to riſe ſooner in the morn- 
ing in cool weather, than after hot days; the 
reaſon of which may be, becauſe in hot wea- 
ther much being evaporated, it is not ſo ſoon 
ſupplied by the roots as in cool weather, when 
leſs is evaporated. 

In a prime bleeding ſeaſon I fixcd a tube 
25 feet long to a thriving branch two years 
old, and two feet from the ground, where it 
was cut off; the ſap flowing ſo briſkly, as in 
two hours to flow over the top of the tube, 
which was ſeven feet above the top of the 
vine; and doubtleſs would have rifen high- 
er, if I had been prepared to lengthen the 
tube. 

When at the diſtance of four or five days, 
tubes were affixed to two different branches, 
which came from the ſame ſtem, the ſap 
would riſe higheſt in that which was laſt fix- 
ed; yet if in the fixing the ſecond tube there 
was much ſap loſt, the ſap would ſubſide in 
the firſt tube; but they would not afterwards 
have their ſap in equilibrio ; :. e. the ſurface of 
the ſap in each was at very unequal heights ; 
the reaſon of which is, becauſe of the difh- 
culty with which the ſap paſſes thro' the al- 


moſt ſaturate and contracted capillaries of the 
firſt· cut ſtem, 


In 
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In very hot weather many air- bubbles 
would riſe, ſo as to make a froth an inch deep, 
on the top of the ſap in the tube. 

I fixed a ſmall air- pump to the top of a 
long tube, which had 12 feet height of ſap 
in it; when J pumped, great plenty of bubbles 
aroſe, tho the ſap did not riſe, but fall a little, 
after I had done pumping. 

In Experiment 34, (where a tube was 
fixed to a very ſhort ſtump of a vine, with- 
out any lateral branches) we find the ſap 
roſe all day, and faſteſt of all in the greateſt 
heat of the day : but by many obſervations 
under the 37th and this 38th Experiments, 
we find the ſap in the tubes conſtantly ſub- 
ſided as the warmth came on towards the 
middle of the day, and faſteſt in the greateſt 
heat of the day. Wherce we may reaſon- 
ably conclude, (conſidering the great perſpira- 
tions of trees, ſhewn in the firſt chapter) that 
the fall of the ſap in theſe ſap-gages, in the 
middle of the day, eſpecially in the warmer 
days, is owing to the then greater perſpiration 
of the branches, which peripiration decreaſes, 
as the heat decreaſes towards evening, 
and probably, wholly ceaſes when the dews 
fall, 


But 
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But when towards the latter end of April 
the ſpring advances, and many young ſhoots 
are come forth, and the furface of the vine 
is greatly increaſed and inlarged by the ex- 
panſion of ſeveral leaves, whereby the per- 
ſpiration is much increaſed, and the ſap more 
plentifully exhauſted, it then ceaſes to flow in 
a viſible manner, till the return of the fol- 
lowing ſpring. 

And as in the vine, ſo is the caſe the 
ſame in all the bleeding trees, which ceaſe 
bleeding as ſoon as the young leaves begin to 
expand enough to perſpire plentifully, and to 
draw off the redundant ſap. Thus the bark 
of oaks, and many other trees, moſt eafily 
ſeparates, while it is lubricated with plenty 


of ſap: but as ſoon as the leaves expand 


ſufficiently to perſpire off plenty of ſap, 
the bark will then no longer run, (as they 
term it) but adhercs moſt firmly to the 
wood, 


EXPERIMENT XXXIX. 


In order to try if I could perceive the ſtem 
of the vine dilate and contract with heat or 
cold, wet or dry, a bleeding or not bleeding 
ſeaſon, ſome time in February, I fixed to the 

item 
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ſtem of a vine an inſtrument in ſuch a man- 
ner, that if the ſtem had dilated or contr:&ed 
but the one hundredth part of an inch, it 
would have made the end of the inſtrument 
(which was a piece of ſtrong braſs-wire, 18 
inches long) riſe or fall very ſenſibly about 
one tenth of an inch; but I could not per- 
ceive the inſtrument to move, either by heat 
or cold, a bleeding or not bleeding ſeaſon. 
Yet whenever it rained, the ſtem dilated ſo as 
to raiſe the end of the inſtrument or lever 


of an inch; and when the ſtem was dry, it 
ſubſided as much. 


This experiment ſhews, that the ſap (even. 


in the bleeding ſeaſon) is confined in its pro- 
per veſſels, and that it does not confuſedly 
pervade every interſtice of the ſtem, as the 
rain does, which entering at the perſpiring 
pores, ſoaks into the interſtices, and thereby 
dilates into the ſtem, 
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CHAT IV. 


Experiments, ſhewing tbe ready lateral motion 
of the Jap, and conſequently the lateral com- 
munication of the ſap-veſſels. The free paſ- 

ſage of it from the ſmall branches towards the 
flem, as well as from the flem to the branches. 
With an account of ſome experiments, relating 
to the circulation or non- circulation of the 


ſap. 
EXPERIMENT XL. 


N order to find whether there was any la- 

teral communication of the ſap and ſap- 
veſſels, as there is of the blood in animals, by 
means of the ramifications, and lateral com- 
nfunications of their veſſels; 

Auguſt 15th, I took a young ca- branch ; 
inches diameter, at its tranſverſe cut, fix feet 
high, and full of leaves. Seven inches from 
the bottom I cut a large gap to the pith, an 
inch long, and of an equal depth the whole 
length; and four inches above that, on the 
oppoſite fide, I cut ſuch another gap; I 
ſet the great end of the ſtem in water: it 
imbibed and perſpired in two nights and 
two days thirteen ounces, while another like 

| oak 
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oak-branch, ſomewhat bigger than this, but 
with no notch cut in its ſtem, imbibed 2 5 
ounces of water, 


At the ſame time I tried the like experi- 


ment with a duke-cherry-branch; it imbibed 
and perſpired 23 ounces in 9g hours the firſt 
day, and the next day 15 ounces, 

At the ſame time I took another duke-cher - 
ry-branch, and cut 4 ſuch ſquare gaps to the 
pith, 4 inches above each other; the 1ſt north, 
2d caſt, 3d ſouth, 4th weſt: it had a long 
ſlender ſtem, 4 feet length, without any 
branches, only at the very top; yet it imbi- 
bed in 7 hours day g ounces, and in two 
days and two nights 24 ounces, 

We ſee in theſe experiments a moſt free 
lateral communication of the ſap and ſap-veſ- 
ſels, theſe great quantities of liquor having 
paſſed laterally by the gaps; for by Exper. 
13, 14, 1:, (on cylinders of wood) little eva- 
porated at the gaps. 

And in order to try whether it would not 
be the ſame in branches as they grew on 
trees, I cut 2 ſuch oppoſite gaps in a duke- 
cherry-branch, 3 inches diſtant from each 
other: the leaves of this branch continued 
green, Within 8 or 10 days, as long as the 


leaves on the other branches of the ſame tree. 
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The ſame day, viz. Aug. 15th I cut two 
ſuch oppoſite gaps four inches diſtant, in an 
horizontal young thriving oak-branch ; it was 
one inch diameter, eighteen days after many 
of the leaves begun to turn yellow, which 
none of the leaves of other boughs did then, 

The ſame day I cut off the bark for one 
inch length, quite round a like branch of the 
ſame cak; eighteen days after the leaves were 
as green as any on the ſame tree; but the 
leaves fell off this and the foregoing branch 
_ early in the winter; yet continued on all the 
reſt of the boughs of the tree (except the top 
ones) all the winter. 

The ſame day I cut four ſuch gaps, two 
inches wide, and nine inches diſtant from 
each other, in the upright arm of a golden- 
rennet-tree ; the diameter of the branch was 
2 +++ inch, the gaps faced the four cardinal 
points of the compaſs; the apples and leaves 
on this branch flouriſhed as well as thoſe on 
other branches of the ſame tree. 

Here again we fee the very free lateral 
paſſage of the ſap, where the direct paſſage is 
ſeveral times intercepted. See Vol. II. p. 262. 
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EXPERIMENT XLI. 


Aug. 13th, at noon, I took a large branch 
of an apple-tree, (Fig. 22.) and cemented up 
the tranſverſe cut, at the great end x, ahd tied 
a wet bladder over it : I then cut off the main 
top branch at ; where it was g inch diame- 
ter, and ſet it thus inverted into the bottle of 
water 6. 

In three days and two nights it imbibed 
and perſpired four pounds two ounces 4+ *. 
of water, and the leaves continued green ; the 
leaves of a bough cut off the ſame tree at the 
ſame time with this, and not fet in water, had 
been withered forty hours before. This, as 
well as the great quantities imbibed a ner- 
ſpired, ſhews that the water was draw from 
5 moſt freely to c, / 5, b, and from thence 
down their reſpect vc branches, and ſo perſpi- 
red off by the leaves. | 

This experiment may ſerve to explain the 
reaſon why the branch &, (Fig. 23.) which 
grows out of the root c x, tives very well, 
notwithſtanding me root c x is here ſuppo— 
ſed to be cut off at c, and to be out of the 
ground: for by muny experiments in the firſt 
and ſecond chapters, it is evident that the 
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branch 5 attracts ſap at x with great force: 
and by this preſent experiment, it is as evi- 
dent, that ſap will be drawn as freely down- 
wards from the tree to x, as from c to x, in 
caſe the end c of the root were in the ground; 
whenck it is no wonder, that the branch 5 
thrives well, though there be no circulation 
of the ſap. 

This Experiment 41, and Experiment 26, 
do alſo ſhew the reaſon why, where three 
trees, (Fig. 24.) are inarched, and thereby in- 
corporated at x and 2, ;the middle tree will 
then grow, though it be cut off from its 
roots, or the root be dug out of the ground, 
and ſuſpended in the air; vi. becauſe the 
middle tree & attracts nouriſhment ſtrongly 
at x and 2, from the adjoining trees @ c, 
in the ſame manner as we ſee the inverted 
boughs imbibed water in theſe Exper. 26, 
and 41, | 

And from the ſame reaſon it is that elders, 
ſallows, willows, briars, vines, and moſt 
ſhrubs, will grow in an inverted ſtate, with 
their tops downwards in the earth. 
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EXPERIMENT XLII. 


July 27th, I repeated Monſ. Perault's ex- 
periment ; vg. I took duke-cherry, apple and 
currant-boughs, with two branches each, one 
of which a c (Fig. 25.) I immerſed in the 
large veſſel of water e d, the other branch 
hanging in the open air: I hung on a rail, 
at the ſame time, other branches of the 
ſame ſorts, which were then cut off. Af- 
ter three days, thoſe on the rails were very 
much withered and dead, but the branches 5 
were very green; in eight days the branch 5 
of the duke-cherry was much withered : but 
the currents and afple-branch b did not fade 
till the eleventh day: whence it is plain, by 
the quantities that muſt be perſpired in eleven 
days, to keep the leaves 4 green fo long, and 
by the waſte of the water out of the vcſlc], 
that theſe boughs 5 muſt have drawa much 
water from and through the other boughs 
and leaves c, which were immerſed in the 
veſſel of water. 

I repeated the like experiment on the 
branches of vines and apple-trees, by run- 
ning their boughs, as they grew, into large 


laſs chymical retorts full of water, where 
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the leaves continued green for ſeveral 
weeks, and imbibed conſiderable quantities 
of water. 

This ſhews how very probable it is, that 
rain and dew is imbibed by vegetables, eſpeci- 
ally in dry ſeaſons, 

Which is further confirmed by experi- 
ments lately made on new-planted trees; 
where, by frequently waſhing the bodies of 
the moſt unpromiſing, they have out-ſtripped 
the other trecs of the ſame plantation, And 
Mr. Miller adviſes, *© Now and then in an 


e evening to water the head, and with a bruſh. 


* to waſh and ſupple the bark all round the 
e trunk, which (lays he) I have often found 
% very ſerviceable.“ 


EXPERIMENT XLIII. 


Auguſt 20th, at 1 P. m. I took an apple- 
branch b, (Fig. 26.) nine feet long 1+; 
inch diameter, with proportional lateral 
branches; I cemented it faſt to the tube 2 
by means of the leaden ſyphon / : but firſt I 
cut away the bark, and laſt year's ringlet of 
wood, for three inches length tor, I then 
filled the tube with water, which was twelve 
feet long, and + inch diameter, having firſt 

cut 
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cut a gap at y through the bark, and laſt 


year's wood, twelve inches from the low: 
end of the ſtem: the water was very frerly 
imbibed, v7z. at the rate of three . inches 
in a minute, In half an hour's time I could 
plainly perceive the lower part of the gap y 
to be moiſter than before; when at the ſame 
time the upper part of the wound Iouked 
white and dry. 

Now in this caſe the water muſt neceſia- 
rily aſcend from the tube, thro' the innermoſt 
wood, becauſe the laſt year's wood was cut 
away, for 2 inches length, all round the ſtem; 
and conſequently, if the ſap in its natural 
courſe deſcended by the laſt year's ringlet of 
wood, and between that and the bark, (as 
many have thought) the water ſhould have 
deſcended by the lait year's wood, or the bark, 
and fo have firſt moiftened the upper part of 
the gap y; but, on the contrary, the lower 
part was moiſtened, and not the upper part. 

I repeated this experiment with a large 
duke-cherry-branch, but could not perceive 
more moiſture at the upper than the lower 
part of the gap; which ought to have been, 
if the ſap deſcends by the lait year's wood, or 
the bark. 
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It was the ſame in a quince-branch as the 
auke-cherry. 

N. B. When I cut a notch in either of 
theſe branches, 3 feet above r, at 9, I could 
neither {ce nor feel any moiſture, notwith- 
ſtanding there was at the ſame time a great 
quantity of water paſſing by; for the branch 
imbibed at the rate of 4, 3, or 2 inches per 
minute, of a column of water which was halt 
an inch diameter, 

The reaſon of which dryneſs of the notch 
9 is evident from Exper. 11. viz. becauſe the 
upper part of the branch above the notch im- 
bibed and perſpired three or four times more 
water, than a column of ſeven feet height of 
water in the tube could impel from the bot- 
tom of the ſtem to , which was three feet 
length of ſtem; and conſequently the notch 
muſt neceſſarily be dry, notwithſtanding fo 
large a ſtream of water was paſling by; viz. 
becauſe the branch and ſtem above the notch 
was in a ſtrongly imbibing ſtate, in order to 


ſupply the great perſpiration of the leaves. 


ExPE- 
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EXPERIMENT XLIV. 


Auguſt gth, at 10 3. m. I fixed in the 
ſame manner (as in the foregoing experiment) 
a duke-cherry-branch five feet high, and one 
inch diameter, but did not cut away any of 
the bark or wood at the great end; I filled 
the tube with water, and then cut a lice off 
the bark an inch long, 3 inches above the 
great end; it bled at the lower part moſt 
freely, while the upper part continued dry. 

The ſame day I tried the fame experiment 
on an apple-branch, and it had the ſame 
effect. 

From theſe experiments it is probable, 
that the ſap aſcends between the bark and 
wood, as well ag by other parts. 

And ſince by other experiments it is found 
that the greateſt part of the ſap is raiſed by 
the warmth of the ſun on the leaves, which 
ſeem to be made broad and thin for that pur- 
poſe ; for the ſame reaſon, it 1s moſt probable, 
it ſhould riſe alio in thoſe parts which are 
moſt expoſed to the ſun, as the bark is. 

And when we conſider, that the ſap- veſ- 

ſels are ſo very fine as to reduce the ſap almoſt 
to 
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to a vapour, before in can enter them, the 
ſun's warmth on the bark ſhould moſt eafily 
diſpoſe ſuch rarefied ſap to aſcend, inſtead af 
deſcending. | 


EXPERIMENT XLV. 


July 27th, I took ſeveral branches of cur- 
rants, vines, cherry, apple, pear and plum- 
free, and ſet the great ends of each in veſſels 
of water x (Fig. 31.); but firſt took the bark 
for an inch off one of theſe branches, as at >, 
to try whether the leaves above z at & would 
continue green longer than the leaves of any 
of the other branches a, c. d; but I could 
find no difference, the leaves withering all at 
the ſame time: now, if the return of the ſap 
was ſtopped at >, then it would be expected, 
that the leaves at 6 ſhould continue green 
longer than thoſe on the other branches; 
which did not happen, neither was there any 
moiſture at x. 


EXPERIMENT XLVI. 


In Auguſt, I cut off the bark for an inch 
round, of a young thriving oak-branch, on * 
the north-weſt fide of the tree, The leaves 

of 
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of this and another branch, which had the 
bark cut at the ſame time, fell early, vi. 
about the latter end of October, when the 
leaves of all the other branches of the ſame 
tree, except thoſe at the very top of the tree, 
continued on all the winter. 

This is a further proof, that leſs ſap goes 
to branches which have the bark cut off, than 
to others. 

The 19th of April following, the buds of 
this branch were 5 or 7 days forwarder than 
thoſe of other branches of the ſame tree; 
the reaſon of which may probably be, be- 
cauſe leſs freſh crude ſap coming to this 
branch than the others, and the perſpirations 
in all branches being, cæteris paribus, nearly 
equal, the leſſer quantity of ſap in this 
branch muſt ſooner be inſpiſſated into a glu- 
tinous ſubſtance, fit for new productions, 
than the ſap of other branches, that a- 
bounded with a greater plenty of freſh thin 
ſa p. 
"The ſame is the reaſon why apples, 
pears, and many other fruits, which have 
ſome of their great ſap - veſſels eaten aſun- 
der by inſects bred in them, are ripe many 
days before the reſt of the fruit on the ſame 
trees; as alſo that fruit which is ga- 


thered 
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thered ſome time before it is ripe, will ripen 
ſooner than if it had hung on a tree, tho” 
it will not be fo good; becauſe in theſe caſes 
the worm-eaten fruit is deprived of part of 
its nouriſhment, and the green- gathered fruit 
of all. 

And for the ſame reaſon ſome fruits are 
ſooner ripe towards the tops of the trees, than 
the other fruit on the ſame tree; vi z. not on- 
ly becauſe they are more expoſed to the ſun; 
but alſo, becau'e being at a greater diſtance 
from the root, they have ſomewhat leſs nou- 
riſhment. 

And this is, doubtleſs, one reaſon why 
plants and fruits are forwarder in dry ſandy, 
or gravelly ſoils, than in moiſter ſoils; vi. 
not only, becauſe thoſe ſoils are warmer, on 
account of their dryncſs; but alſo, becauſe 
leſs plenty of moiſture is conveyed up the 
plants; which plenty of moiſture, tho' it 
promotes their growth, yet retards their coming 
to maturity. And for the ſame reaſon, the 
uncovering of roots of trees for ſome time, 
will make the fruit be conſiderably the for- 
warder. 

And, on the other hand, where trees 
abound with too great a plenty of freſh-drawn 
ſap, as 1s the Caſe of trees whoſe roots are 


planted 
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planted too deep in cold moſt earth, as alſo 
of too luxuriant peach and other wall trees 
or, which comes almoſt to the ſame, where 
the ſap cannot be perſpired off in a due pro- 
portion; as in orchards, where trecs ſtand 
too near each other, ſo as to hinder perſpira- 
tion, whereby the ſap is kept in too thin and 
crude a ſtate; in all theſe caſes little or no 
fruit is produced. 

Hence alſo, in moderately dry ſummers, 
ceteris paribus, there is uſually greateſt plenty 
of fruit; becauſe the ſap in the bearing 
twigs and buds 1s more digeſted, and brought 
to a better conſiſtence, for ſhooting out with 
vigour and firmneſs, than it is in cool moiſt 
ſummers : and this obſervation has been ve- 
Tified in the years 1723, 1724, and 1725. 
See an account of them under it, Exper. 20. 

But to return to the ſubject of the mo- 
tion of the ſap : when the ſap has firſt paſſed 
thro' that thick and fine ſtrainer, the bark 


of the root, we then find it in greateſt quan- 


tities, in the moſt lax part, between the bark 
and wood, and that the ſame thr the whole 
tree. And if in the early ſpring, the oak and 
ſeveral other trees were to be examined near 
the top and bottom, when the ſap fi. ſt be- 

gins 
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gins to move, ſo as to make the bark eaſily 
run, or peel off, I believe it would be found, 
that the lower bark is firſt moiſtened ; where- 
as the bark of the top branches ought firſt to 
be moiſtened, if the ſap deſcends by the 
bark: as to the vine, I am pretty well aſſured 
that the lower bark is firſt REIN See 
Vol. II. p. 264. 

We ſec in many of the td experi- 
ments, what quantities of moiſture trees do 
daily imbibe and perſpire: now the celerity 


of the ſap muſt be very great, if that quan- 
tity of moiſture muſt, moſt of it, aſcend to the 


top of the tree, then deſcend, and aſcend 
again, before it is carried off by perſpiration; 

The defect of a circulation in vegetables 
ſeems in ſome meaſure to be ſupplied by the 
much greater quantity of liquor, which the 
vegetable takes in, than the animal, where- 
by its motion is accelerated; for by Ex- 
periment 1, we find the ſun- flower, bulk for 
bulk, imbibes and perſpires ſeventeen times 
more freſh liquor than a man, every 24 
hours. 

Beſides, nature's great aim in vegetables 
being only that the vegetable life be carried 
on and maintained, there was no occaſion 
to 
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to give its ſap the rapid motion which was 
neceſſary for the blood of animals. 
In animals, it is the heart which ſets the 


blood in motion, and makes it continually. 


circulate; but in vegetables we can diſcover 
no other cauſe of the ſap's motion, but the 
ſtrong attraction of the capillary ſap-veflels, 
aſſiſted by the briſk undulations and vibra- 
tions cauſed by the ſun's warmth, whereby 
the ſap is carried up to the top of the talleſt 
trees, and is there perſpired off through the 
leaves: but when the ſurface of the tree is 
greatly diminiſhed by the loſs of its leaves, 
then alſo the perſpiration and motion of the 
ſap is proportionably diminiſhed, as is plain 
from many of the foregoing experiments : 
ſo that the aſcending velocity of the ſap is 
principally accelerated by the plentiful per- 
ſpiration of the leaves, thereby making room 
for the fine capillary veſſels to exert their 
vaſtly attracting power, which perſpiration 
is effected by the briſk rarefying vibrations 
of warmth: a power that does not ſeem to 
be any ways well adapted to make the ſap 
deſcend from the tops of vegetables by differ- 
ent veſſels to the root, | 
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If the ſap circulated, it muſt needs have 
been ſcen deſcending from the upper part 
of large gaſhes cut in branches ſet in wa- 
ter, and with columns of water preſſing on 
their bottoms in long glaſs tubes, in Ex- 
periment 43, and 44. In both which 
caſes, it 1s certain that great quantities of 
water paſſed through the ſtem, ſo that it 
muſt needs have becn ſeen deſcending, if 
the return of the ſap downwards were 
by truſion or pulſion, whereby the blood 
in animals is returned through the veins to 
the heart: and that pulſion, if there were 
any, muſt neceſſarily be exerted with pro- 
digious force, to be able to drive the ſap 
thro' the finer capillaries. So that, if there 
be a return of the ſap downwards, it muſt 
be by attraction, and that a very powerful 
one, as we may ſee by many of theſe ex- 
periments, and particularly by Experiment 11, 
But it is hard to conceive, what and where 
that power is, which can be equivalent to 
that proviſion nature has made for the aſcent 
of the ſap in conſequence of the great per- 
ſpiration of the leaves, 

The inſtances of the jeſſamine tree, and 
of the paſſion tree, have been looked upon 

as ſtrong E of the circulation of the 
"ap, 
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fap, becauſe their branches, which were far 
below the inoculated bud, were gilded : 
but we have many viſible proofs in the vine, 
and other bleeding trees, of the ſap's recede- 
ing back, and puſhing forwards alternately, 
at different times of the day and night. 
And there is great reaſon to think, that the 
ſap of all other trees has ſuch an alternate, 
receding, and progreſſive motion, occaſioned 
by the alternacies of day and night, warm 
and cool, moiſt and dry. 

For the ſap in all vegetables does proba- 
bly recede in ſome meaſure from the tops 
of branches, as the ſun leaves them; be- 
cauſe its rarefying power then ceaſing, the 
greatly rarefied ſap, and air mixt with it, 
will condenſe, and take up leſs room than 
they did, and the dew and rain will then 
be ſtrongly imbibed by the leaves, as is pro- 
bable from Exper. 42. and ſeveral others; 
| whereby the body and branches of the ve- 
N getable which have been much exhauſted by 
the great evaporation of the day, may at 
night imbibe ſap and dew from the leaves; 
for by ſeveral experiments in the firſt chap- 
ter, plants were {ound to increaſe conſider- 
ably in weight, in dewy and moiſt nights. 
And by other experiments on the vine in 
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the third chapter, it was found, that the 


trunk and branches of vines were always 
in an imbibing ſtate, cauſed by the great per · 
fpiration of the leaves, except in the bleed- 
ing ſeaſon ; but when at night that perſpiring 
power ceaſes, then the contrary imbibing 
power will prevail, and draw the ſap and 
dew from the leaves, as well as moiſture 
from the roots. 

And we have a farther proof of this in 
Experiment 12, where, by fixing mercurial 
gages to the ſtems of ſeveral trees, which 
do not bleed, it is found that they are al- 
ways in a ſtrongly imbibing ſtate, by draw- 
ing up the mercury ſeveral inches: whence 


it is eaſy to conceive, how ſome of the 


particles of the gilded bud, in the inocu- 
lated jeſſamine, may be abſorbed by it, 
and thereby communicate their gilding 
miaſma to the ſap of other branches; eſpe- 
cially when ſome months after the inocu- 
lation, the ſtock of the inoculated jeſſa- 
mine is cut off a little above the bud ; 
whereby the ſtock, which was the counter- 
acting part to the ſtem, being taken away, 
the ſtem attracts more vigorouſly from the 
bud, 
2 

Another 
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Another argument for the circulation of 
the ſap, is that ſome ſorts of grafts will 
infect and canker the ſtocks they are grafted 
on: but by Exper. 12, and 37, where mer- 
curial gages were fixed to freſh cut ſtems of 
trees, it is evident that thoſe ſtems were 
in a ſtrongly imbibing ſtate; and conſe- 
quently the cankered ſtocks might very like- 
ly draw ſap from the graff, as well as the 
graft alternately from the ſtock ; juſt in the 
ſame manner as leaves and branches do 
from each other, in the viciſſitudes of day 
and night. And this imbibing power of 
the ſtock is ſo great, where only ſome of 
the branches of a tree are grafted, that the 
remaining branches -of the ſtock will, by 
their ſtrong attraction, ſtarve thoſe grafts ; 
for which reaſon it is uſual to cut off the 
greateſt part of the branches of the ſtock, 
leaving only a few ſmall ones to draw up 
the ſap. See Vol. II. p. 265. 

The inſtance of the ilex grafted upon the 
Engliſh oak, ſeems to afford a very conſi- 
derable argument againſt a circulation, For, 
if there were a free uniform circulation of 
the ſap through the oak and ilex, why ſhould 
the leaves of the oak fall in winter, and not 
thoſe of the ilex ? 

L 2 Another 
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Another argument againſt an uniform cir- 
culation of the ſap in trees, as in animals, 
may be drawn from Exper. 37. where it 
was found by the three mercurial gages 
fixed to the ſame vine, that while ſome of 
its branches changed their ſtate of protrude- 
ing ſap into a ſtate of imbibing, others con- 
tinued protruding ſap, one nine, and the 
other thirteen days longer. 

In the ſecond Vol. of Mr. Lowthorp's 
Ari dgment of the Phileſ. Tranſaf. p. 708, 
is recited an experiment of Mr. Brother- 
ton's; viz. A young hazel n (Fig. 27.) was. 
cut into the body at x z with a deep gaſh; 
the parts of the body below at z, and 
above at x, were cleft upwards and down- 
wards, and the ſplinters x z by wedges were 
kept off from touching each other, or the 
reſt of the body. The following year, the 
upper ſplinter x was grown very much, but 
the lower ſplinter x did not grow; but the 
reſt of the body grew, as if there had been 
no gaſh made: I have not yet ſucceeded in 
making this experiment, the wind having 
broken at xz all the trees I prepared for 
it: but if there was a bud at x which ſhot 
out leaves, and none at 2, then, by Experi- 


ment 41, it is plain that thoſe leaves might 
draw 
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draw much nouriſhment through 7 x, and 
thereby make it grow; and I believe, if, vice 
verſa, there was a leaf. bearing bud at 2, 
and none at x, that then the ſplinter z 
would grow more than x. 

The reaſon of my conjecture I ground 
upon this experiment, viz. I choſe two 
thriving ſhoots of a dwarf pear-tree, Il a a, 
Fig. 28, 29. At three quarters of an inch 
diſtance I took half an inch breadth of bark 
off each of them, in ſeveral places, viz. 
2, 4, ©, 8, and at 1o, 12, 14. Every one of 
the remaining ringlets of bark had a leaf- 
bearing bud, which produced leaves the 
following ſummer, except the ringlet 13, 
which had no ſuch bud. The ringlet g 
and 11 of 4 @ grew and ſwelled at their 
bottoms till Auguſt, but the ringlet 13 did 
not increaſe at all, and in Auguſt the whole 
ſhoot à @ withered and died; but the ſhoot 
JJ lives and thrives well, each of its ringlets 
ſwelling much at the bottom : which ſwel- 
lings at their bottoms muſt be attributed 
to ſome other cauſe than the ſtoppage of 
the ſap in its return downwards, becauſe in 
the ſhoot / J, its return downwards is in- 


tercepted three ſeveral times by cutting 


away the bark at 2, 4, 6. The larger and 
L 3 more 
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more thriving the leaf- bearing bud was, and 
the more leaves it had on it, ſo much the 
more did the adjoining bark ſwell at the bot- 
tom. 

Fig. 30, repreſents the profile of one of 
the diviſions in Fig. 28. ſplit in halves; in 
which may be ſeen the manner of the 
growth of the laſt year's ringlet of wood 
ſhootirg a little upwards at x x ; and ſhoot- 
ing downwards and ſwelling much more at 
2 ; where we may obſerve, that what is 
ſhot end-ways is plainly parted from the 
wood of the preceding year, by the narrow 
interſtices xr, 27; whence it ſhould ſeem 
that the growth of the yearly new ringlets 
of wood conſiſts in the ſhooting of their 
fibres lengthways under the bark. | 

That the ſap does not deſcend between 
the bark and the wood, as the favourers 
of a circulation ſuppoſe, ſeems evident from 
hence; v2. that if the bark be taken off 
for three or four inches breadth quite round, 
the bleeding of the tree above that bared 
place will much abate, which ought to have 
the contrary effect, by intercepting the courſe 
of the refluent ſap, if the ſap deſcended by 
the bark. 


But 
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But the reaſon of 'the abatement of the 
bleeding in this caſe may well be account- 
ed for, from the maniteſt proof we have 
in theſe experiments, that the ſap is ſtrong- 
ly attracted upwards by the vigorous ope- 
ration of the perſpiring leaves, and attract- 
ing capillaries: but when the bark is cut 
off for ſome breadth below the bleeding 
place, then the ſap, which is between the 
bark and the wood below that diſbarked 
place, is deprived of the ſtrong attracting 
power of the leaves, &c. and conſequently 
the bleeding wound cannot be ſupplied fo 
faſt with ſap, as it was before the bark was 
taken off. | 

Hence alio we have a hint for a probable 
conjecture, why in the alternately diſbarked 
ſticks, JJ 4 4, Fig. 28, 29, the bark ſwelled 
more at the upper part of the diſbarked 
places than at the lower; vig. becauſe thoſe 
lower parts were thereby deprived of the 
plenty of nouriſhment which was brought 
to the upper parts of thoſe diſbarked places 
by the ſtrong attraction of the leaves on the 
buds 7, Sc. of which we have a further 
confirmation in the ringlet of bark, No. 13, 
Fig. 29. which ringlet did not fwell or grow 
at either end, being not only deprived of 

L 4 the 
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the attraction of the ſuperior leaves, by the 
bark placed No. 12, but alſo without any 
leaf- bud of its own, whoſe branching ſap- 
veſſels, being like thoſe of other leaf buds 
rooted downwards in the wood, might 
thence draw ſap, for the nouriſhment of it- 
ſelf and the adjoining bark, No. 13. But 
had theſc rooting ſap veſſels run upwards, 
inſtead of downwards, it is probabe, that in 
that caſe the upper part of each ringlet of 


bark, and not the lower, would have ſwel- 


led, by having nouriſhment — brought 
to it from the inmoſt wood. 

We may hence alſo ſee the reaſon why, 
when a tree is unfruitful, it is brought to 
bear fruit, by the taking ringlets of bark off 
from its branches; viz. becauſe thereby a 
leſs quantity of ſap rifing, it is better di- 
geſted and prepared for the nouriſhment of 
the fruit; which from the greater quantity 
of oil, that is uſually found in the ſeeds, 
and their containing veſſels, than in other 
parts of plants, ſhews that more ſulphur and 
air 1s requiſite for their production, than 
there is for the production of wood and 
leaves. 

But the moſt conſiderable objection 
* this progreſſive motion of the ſap, 

without 
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without a circulation, ariſes from hence, viz. 
that it is too precipitate a courſe, for a due 
digeſtion of the ſap, in order to nutrition: 
whereas in animals nature has provided, that 
many parts of the blood ſhall run a long courſe, 
before they are either applied to nutrition, or 
diſcharged from the animal, 

But when we conſider, that the great work 
of nutrition in vegetables as well as animals, 
(I mean after the nutriment is got into the 
veins and arteries of animals) is chiefly carried 
on in the fine capillary veſicls, where nature 
ſelects and combines, as ſhall beſt ſuit her 
different purpoſes, the ſeveral mutually at- 
tracting nutritious particles, which were hi- 
therto kept disjoined by the motion of their 
fluid vehicle; we ſhall find that nature has 
made an abundant proviſion for this work in 
the ſtructure of vegetables; all whoſe com- 
poſition is made up of nothing elſe but in- 
numerable fine capillary veſſels, and glandu- 
lous portions or veſicles, See Pol. II. p. 265. 

Upon the whole, I think we have, from 
theſe experiments and obſervations, ſufficient 
ground to believe, that there is no circula- 
tion of the ſap in vegetables; notwithſtand- 
ing many ingenious perſons have been indu- 

ced to think there was, from ſeveral curious 
| obſer- 
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obſervations and experiments, which evident” 
ly prove, that the ſap does in ſome meaſure re- 
cede from the top towards the lower parts of 
plants, whence they were with good proba- 
lity of reaſon induced to think that the ſap 
circulated. 

The likelieſt method effectually and con- 
vincingly to determine this difficulty, whe- 
ther the ſap circulates or not, would be by 
ocular inſpection, if that could be attained: 
and I ſee no reaſon we have to deſpair of it, 
fince by the great quantities imbibed and per- 
ſpired, we have good ground to think, that 
the progreſſive motion of the ſap is conſider- 
able in the largeſt ſap-veſſels of the tranſpa- 
rent ſtems of leaves: and if our eyes, aſſiſted 
with microſcropes, could come at this deſi- 


rable fight, I make no doubt but that we 


ſhould ſee the ſap which was progreſſive in 
the heat of the day, would on the coming on 


of the cool evening, and falling dew, be re- 


trograde in the ſame veſſels. 


CHAP, 
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. 


Experiments, whereby to prove, that a conſi- 


derable quantity of air is inſpired by plants. 


T is well known that air is a fine elaſtick 
fluid, with particles of very different na- 
tures floating in it, whereby it is admirably 
fitted by the great Author of nature, to be 
the breath of life of vegetables, as well as of 
animals, without which they can no more 
live nor thrive, than animals can. 

In the experiments on vines, Chap. III. 
we ſaw the very great quantity of air which 
was continually aſcending from the vines, 
through the ſap in the tubes; which mani- 
feſtly ſhews what plenty of it is taken in by 
vegetables, and is perſpired off with the ſap 
through the leaves. 


EXPERIMENT XLVII. 


Sept. gth, at g a. m. I cemented an apple- 
branch b (Fig. 11.) to the glaſs tube, i e z: 
I put no water in the tube, but ſet the end 
of it in the ciſtern of water x. Three hours 
after, I found the water ſucked up in the 

| a tube 
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tube many inches to z; which ſhews, that a 
conſiderable quantity of air was imbibed by 
the branch out of the tube ie z; and in 
like manner did the apricot-branch (Exper. 
29.) daily imbibe air, 


EXPERIMENT XLVIII. 
I took a cylinder of birch with the bark 


on, 16 inches long and + diameter, and ce- 
mented it faſt at z (Fig. 32.) to the hole in 
the top of the air-pump receiver , ſetting 
the lower end of it in the ciſtern of water x; 
the upper end of it at a was well cloſed up 
with melted cement. 

I then drew the air out of the receiver, 
upon which innumerable air-bubbles iſſued 
continually out of the ſtick into the water 
x, I kept the receiver exhauſted all that 
day, and the following night, and till the 
next day at noon, the air all the while iſ- 
ſuing into the water x. I continued it thus 
long in this ſtate, that I might be well aſſu- 
red, that the air muſt paſs in through the 
bark to ſupply that great and long flux of air 
at x. I then cemented up five old eyes in 
the ſtick, between 2 and , where little 
ſhoots had formerly been, but were now 
5 periſhed; 
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periſhed ; yet the air ſtill continued to flow 
freely at x. 

It was obſervable in this, and many of 
the experiments on ſticks or other trees, that 
the air which could enter only thro' the bark 
between z and 7, did not iſſue into the water, 
at the bottem of the ſtick, only at or near 
the bark, but through the whole and inmoſt 
ſubſtance of the wood ; and that chiefly, as I 
gueſs, by the largeneſs of the baſes of the he- 
miſpheres of air through the largeſt veſſels of 
the wood; which obſer vation corroborates 
Dr. Grew's and Malpighi's opinion, that they 
are air-veſlels. 

I then cemented upon the receiver the cy- 
lindrical glaſs y y, and filled it full of water, 
ſo as to ſtand an inch above the top 7 of the 
ſtick. 

The air ſtill continued to flow at x, but 
in an hour's time it very much abated, and 
in two hours ceaſed quite; there being now 
no paſſage for freſh air to enter, and ſupply 
what was drawn out of the ſtick. 

I then with a glaſs crane drew off the wa- 
ter out of the cylinder y y; yet the air did not 
iſſue thro' the wood at x. 

I therefore took the receiver with the ſtick 
in it, and held it near the fire, till the bark 

Hts was 
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was well dried ; after which I ſet it upon the 
air-pump, and exhauſted the air; upon which 
the air iſſued as freely at x, as it did before 
the bark had been wetted, and continued ſo 
to do, tho' I kept the receiver exhauſted for 
many hours, 

I fixed in the ſame manner as the preceding 

birch-ſtick, three joints of a vine- branch, 
which was two years old, the uppermoſt knot 
7 being within the receiver; when I pump. 
ed, the air paſſed moſt freely into the wa- 
W ter Xx x. 
Wit I cemented faſt the upper end of the ſtick 
n, and then pumped; the air ſtill iſſued out 
at x, though I pumped very long; but 
there did not paſs the twentieth part of the 
air which paſſed when the end 7 was not 
cemented, 

I then inverted the ſtick, placing 1 fix 
inches deep in the water, and covered all the 
bark from the ſurface of the water to 2 the 
top of the receiver with cement; then pump- 
ing the air which entered at the top of the 
ſtick, paſſed thro' the immerſed part of the 
bark: when I ceaſed pumping for ſome time, 
and the air had ceaſed iſſuing out; upon my 
repeating the pumping it would again iſſue 
out, 


I found 
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I found the ſame event in b:rcb and mul. 
berry ſticks, in both which it iſſued moſt plen- 
tifully at old eyes, as if they were the chief 
breathing places for trees. 


And Dr. Grew obſerves, that the pores 
* are ſo very large in the trunks of ſome 


e plants, as in the better ſort of thick walk- 
«© ing canes, that they are viſible to a good 
eye, without a glaſs; but with a glaſs the 
«« cane ſeems as if it were ſtuck top-full of 
* holes, with great pins, being ſo large as 
« very well to reſemble the pores of the ſkin, 
e in the end of the fingers, and ball of the 
« hand. 

* In the leaves of pine they are likewiſe, 
© thro” a glaſs, a very elegant ſhew, ſtanding 
all moſt exactly in rank and file, through 
e the length of the leaves.” Grew's Ana- 
tomy of Plants, p. 127. 

Whence it is very probable, that the air 
freely enters plants, not only with the princi- 
pal fund of nouriſhment by the roots, but al- 
ſo through the ſurface of their trunks and 
leaves, eſpecially at night, when they are 
changed from a perſpiring to a ſtrongly imbi- 
bing ſtate, 

I fixed in the ſame manner to the top of 


the air-pump receiver, but without the cy- 
lindrical 
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lindrical glaſs yy, the young ſhoots of the 
vine, apple-tree, and honeyſuckle, both erected 
and inverted ; but found little or no air came 
either from branches or leaves, except what 
air lay in the furrows, and the innumerable 
little pores of the leaves, which are plainly 
viſible with the microſcope. I tried alſo 
the ſingle leaf of a wine, both by immerſ- 
ing the leaf in the water x, and letting the 
ſtalk ſtand out of the receiver, as alſo by 
placing the leaf out of the receiver, and the 
ſtalk in the glaſs of water x; but little or 
no air came either way. 

I obſerve in all theſe experiments, that 
the air enters very ſlowly at the back of 
young ſhoots and branches, but much more 
freely through old bark: and in different 
kinds of trees it has very different degrees of 
more or leſs free entrance, 

I repeated the ſame experiment upon ſe- 
veral roots of trees: the air paſſed moſt 
freely from ꝝ to x; and when the glaſs-veſ- 
ſel y y was full of water, and there was no 
water in x, the water paſſed at the rate of 
3 ounces in 5 minutes; when the upper 
end nz was cemented up, and no water in y y, 
ſome air, though not in great plenty, would 
enter the bark at z /, and * through the 
water at x. And 
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And that there is ſome air both in an 
elaſtick and unelaſtick ſtate, mixed with the 
earth, (which may well enter the roots with 
the nouriſhment) I found by putting into 
the inverted glaſs 2 z 4 @ full of water 
(Fig. 35.) ſome earth dug up in an alley in 
the garden, which, after it had ſtood ſoaking 
for ſeveral days, yielded a little elaſtick air, 
though the earth was not half diſſolved. And 
in Experiment 68, we find that a cubick 
inch of earth yielded 43 cubick inches of air 
by diſtillation, a good part of which was 
rouſed by the action of the fire from a fixed 
to an elaſtick ſtate. 

I fixed alſo in the ſame manner young 
tender fibrous roots, with the ſmall end up- 
wards at 1, and the veſſel yy full of water; 
then upon pumping, large drops of water fol- 
lowed each other faſt, and fell into the ciſtern 
x, which had no water in it. See Vol. II. 


p. 267. 
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e 


A ſpecimen of an attempt to analyſe the air 
by a great variety of chymio-ſlatical ex- 
periments, which ſhew in how great a 
proportion air is wrought into the com- 
poſition of animal, vegetable, and mineral 
ſubſtances, and withal how readily it re- 
fumes its former elaſtick fate, when in the 
diſſolution of thoſe ſubflances it is diſengaged 

| rom them, 


Aving in the preceding chapter pro- 
duced many experiments, to prove 

that the air 1s freely inſpired by vegetables, 
not only at their roots, but alſo through ſeve- 
ral parts of their trunks and branches, which 
air was moſt viſibly ſeen aſcending in great 


| plenty through the ſap of the vine, in tubes * 

! which were affixed to them in the bleeding lil 

| ſeaſon ; this put me upon making a more * 

1 particular inquiry into the nature of a fluid, 5 

| | which is ſo abſolutely neceſſary for the ſup- * 
| port of the life and growth of animals and * 

| vegetablus. th 

The xcellent Mr. Boyle made many ex- dc 

periments on the air, and among other diſ- * 


| coveries, 
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coveries, found that a good quantity of air 
was producible from vegetables, by putting 
grapes, plums, gooſeberries, cherries, peas, 
and ſeveral other ſorts of fruits and grains 
into exhauſted and unexhauſted receivers, 
where they continued for ſeveral days emit- 
ting great quantities of air. 
Being deſirous to make ſome further re- 
ſearches into this matter, and to find what 
proportion of this air I could obtain out 
of the different ſubſtances in which it was 
lodged and incorporated, J made the fol- 
lowing chymio-ſtatical experiments : for, 
as whatever advance has here been made in 
the knowledge of the nature of vegetables, 
has been owing to ſtatical experiments, fo, 
fince nature, in all her operations, acts con- 
formably to thoſe mechanick laws, which 
were eſtabliſhed at her firſt inſtitation ; it 
is therefore reaſonable to conclude, that the 
likelieſt way to inquire, by chymical ope- 
rations, into the nature of a fluid, too fine 
to be the object of our figit, muſt be by 
finding out ſome means to eſtimate what 
influence the uſual methods of analyti:'g 
the animal, vegetable, and mineral king- 
doms, has on that ſubtle fluid; and this I 
effected by affixing to retorts and boltheads 
M 2 hydro- 
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hydroſtatical gages, in the following manner, 


VIS, 

In order to make an eſtimate of the quan- 
tity of air which aroſe from any body by 
diſtillation or fuſion, I firſt put the matter 
which 1 intended to diſtil into the ſmall 
retort 1 (Fig. 33.); and then at à cemented 
faſt to it the glaſs veſſel a 6, which was very 
capacious at 6, with a hole in the bottom. 
I bound bladder over the cement, which was 
made of tobacco-pipe clay and bean flour, 
well mixed with ſome hair, tying over all 
four ſmall ſticks, which ſerved as ſplinters 
to ſtrengthen the joint; ſometimes, inſtead of 
the glaſs veſſcl a ö, I made uſe of a large 
bolthead, which had a round hole cut, with 
a red hot iron ring at the bottom of it; 
through which hole was put one leg of an 
inverted ſyphon, which reached up as far as 
2, Matters being thus prepared, holding the 
retort uppermoſt, I immerſed the bolthead 
into a large veſſel of water to a, the top 
of the bolthead; as the water ruſhed in at 
the bottom of the bolthead, the air was driven 
out through the ſyphon: when the bolt- 
head was full of water to 2, then I clofed 
the outward orifice of the ſyphon, with the 
end of my finger, and at the ſame time drew 

the 
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the other leg of it out of the bolthead; by 
which means the water continued up to z, 
and could not ſubſide. Then I placed under 
the bolthead, while it was in the water, the 
veſſel x x ; which done, I lifted the veſſel x x, 
with the bolthead in it, out of the water, 
and tied a waxed thread at z to mark the 
height of the water: and then approached 
the retort gradually to the fire, taking care to 
ſcreen the whole bolthead from the heat of 
the fire. 

The deſcent of the water in the bolthead 
ſhewed the ſums of the expanfion of the air 
in the retort, and of the matter which was 
diſtilling: the expanſion of the air alone, 
when the lower part of the retort was begin- 
ning to be red hot, was, at a medium, nearly 
equal to the capacity of the retorts, ſo that it 
then took up a double ſpace; and in a white 
and almoſt melting heat, the air took up a 
triple ſpace, or ſomething more: for which 
reaſon the leaſt retorts are beſt for theſe expe- 
riments. The expanſion of the diſtilling 
bodies was ſometimes very little, and ſome- 
time many times greater than that of the air 
in the retort, according to their different 
natures. 
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When the matter was ſufficiently. diſtilled, 
the retort, &c. was gradually removed: from 
the fire; and when cool enough, was carried 
into another room, where there was no fire. 
When all was thoroughly cold, either the 
following day, or ſometimes three or four 
days after, I marked the ſurface of the water 
y, where it then ſtood ; if the ſurface of the 
water was below , then the empty ſpace be- 
tween y and 2 ſhewed how much air -was 
generated, or raiſed from a fixed to an ela- 
itick ſtate, by the action of the fire in di- 
ſtillation: but if y, the ſurface of the water, 
was above 2, the ſpace between z and y, 
which was filled with water, ſhewed the 
quantity of air which had been abſorbed i in 
the operation, i. e. was changed from a re- 
pelling elaſtick to a fixed ſtate, by the ſtrong 
attraction of other particles, which I therefore 
call abſorbed. 

When I would meaſure the ai of 
this new generated air, I ſeparated the bolt- 
head from the retort; and putting a cork 
into the ſmall end of the bolthead, I inverted 
it, and poured in water to z. Then from 

another veſſel (in which 1 had a known 

quantity of water by weight) I poured in 
water to y; fo the quantity of water which 
| was 
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was wanting, upon weighing this veſſel again, 
was equal to the bulk of the new generated 
air, I choſe to meaſure the quantities of air, 
and the matter from whence it aroſe, by one 
common meaſure of cubick inches, eſtimated 
from the ſpecifick gravities of the ſeveral 
ſubſtances, that thereby the proportion of 
one to the other might the more readily be 
ſeen, 

I made uſe of the following means to 
meaſure the great quantities of air, which 
were either raiſed and generated, or abſorbed 
by the fermentation ariſing from the mix- 
ture of variety of ſolid and fluid ſubſtances, 
whereby I could eafily eſtimate the ſur- 
prizing effects of fermentation on the air; 
VIZ. | 

I put into the bolthead þ (Fig. 33.) the 
ingredients, and then run the long neck of 
the bolthead' into the deep cylindrical glaſs 
a y, and inclined the inverted glaſs @ y, and 
balthead, almoſt horizontally in a large vet- 
ſel of water, that the water might run intc 
the glaſs a y; when it was almoſt up to à, 
the top of the bolthead, I then 1mmericd 
the bottom of the bolthead, and lower part 
y of the cylindrical glaſs under water, rai- 


fing at the ſame time the end a uppermoſt. 
M 4 Then, 
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Then, before I took them out of the water, 
I ſet the bolthead and lower part of the cylin- 
drical glaſs @ y into the earthen veſſel x x, full 
of water; and having lifted all out of the 
great veſſel of water, I marked the ſurface z 
of the water in the glaſs @ y. 
If the ingredients in the bolthead upon 
ſermenting, generated air, then the water 
would fall from z to y, and the empty ſpace 
2 y was equal to the bulk of the quantity of 
air generated: but if the ingredients, upon 
fermentation, did abſorb or fix the active 
particles of air, then the ſurface of the water 
would aſcend from z to 2, and the ſpace 
2 n, which was filled with- water, was equal 
to the bulk of air, which was abſorbed 
by the ingredients, or by the fume ariſing 
from them: when the quantities of air, 
either generated or abſorbed, were very great, 
then I made uſe of large chymical receivers 
inſtead of the glaſs a y: but if theſe quanti- 
ties were very ſmall, then, inſtead of the 
bolthead and deep cylindrical glaſs @ y, I 
made uſe of a ſmall cylindrical glaſs, or a 
common beer glaſs inverted, and placed un- 
der it a phial or jelly-glaſs, taking care that 
the water did not come at the ingredients 
in them, which was eafily prevented by 
draw- 
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drawing the water up under the inverted glaſs 
to what height I pleaſed by means of a ſy- 
phon: I meaſured the bulk of the ſpaces 
Z y or 2 n, by pouring in a known quan- 
tity of water, as in the foregoing experi- 
ment, and making an allowance for the 
bulk of the neck of the bolthead within the 
ſpace > y. 

When I would take an eſtimate of the 
quantity of air abſorbed and fixed, or gene- 
rated by a burning candle, burning brimſtone, 
or nitre, or by the breath of a living ani- 
mal, &c. I firſt placed a high ſtand or pede- 
ſtal in the veſſel full of water x x (Fig. 
35.); which pedeſtal reached a little high- 
er than 2 z. On this pedeſtal I placed 
the candle, or living animal, and then 
whelmed over it the large inverted glaſs 
2 2 à à, which was ſuſpended by a cord, 
ſo as to have its mouth r three or four 
inches under water ; then with a ſyphon I 
ſucked the air out of the glaſs veſſel, till the 
water roſe to 2 2. But when any noxious 
thing, as burning brimſtrone, aquafortis, or 
the like, were placed under the glaſs; then 
by affixing to the ſyphon the noſe of a large 
pair of bellows, whoſe wide ſucking orifice 
was cloſed up, as the bellows were enlarged, 
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they drew the air briſkly out of the glaſs 
2 2 @ @ through the ſyphon; the other leg 
of which ſyphon I immediately drew from 
under the glaſs veſſel, marking the Height of 
the water 2 2. 

When the materials on the pcdeſtal gene- 
rated air, then the water would ſubſide from 
2 8 to a a, which ſpace 2 2 a a was equal 
to the quantity of air generated: but when 
the materials deſtroyed any part of the air's 
elaſticity, then the water would riſe from @ 4 
(the height that I in that caſe at firſt ſuck- 
ed it to) toZ 2, and the ſpace a a 2 2 was 
equal to the quantity of air, whoſe elaſticity 
was deſtroyed. | 

I ſometimes fired the materials on the pe- 
deſtal by means of a burning glaſs, viz. ſuch 
as phoſphorus and brown paper Cipped in 
water, ſtrongly impregnated with nitre, and 
then dried. 

Sometimes I lighted the candle, or large 
matches of brimſtone, before I whelmed the 
glaſs-Z 2 a @ over them; in which caſe J in- 
ſtantly drew up the water to @ a, which by 
the expanſion of the heated air would at firſt 
ſubſide a little, but then immediately turned 
to a riling ſtate; notwithſtanding the flame 
continued to heat and rarefy the air for two 
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or three minutes: as ſoon as the flame was 
out I marked the height of the water 2 23 
after which the water would for twenty or 
thirty hours continue riſing a great deal 
above 2 Z. 

Sometimes, when I would pour violently 
fermenting liquors, as aquafortis, &c. on any 
materials, I ſuſpended the aquafortis in a 
phial at the top of the glaſs veli:! > 2 à a, 
in ſuch manner that by means of a itring, 
which came down into the veſlci x x, I could 
by inverting the phial pour the aquafortis on 
the materials, which were in a veſſel on the 
pedeſtal, 

I ſhall now proceed to give an account 
of the event of a great many experiments, 
which I made by means ot theſe inſtruments, 
which I have here at firſt deſcribed, to avoid 
the frequent repetition of a deſcription of 
them. | 

It is conſonant to the right method of 
philoſophiſing, firſt, to analyſe the ſubject, 
whoſe nature and properties we intend to 
make any reſearches into, by a regular and 
numerous ſeries of experiments: and then, 
by laying the event of theſe experiments be- 
fore us in one view, thereby to ſee what light 
their united and concurring evidence will 

give 
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give us. How rational this method is, the 
ſequel of theſe experiments will ſhew. 

The illuſtrious Sir Iſaac Newton (query 
21ſt of his Opticks) obſerves, That true 
«© permanent air ariſes by fermentation or 
«© heat, from thoſe bodies which the chy- 
« miſts cail fixed, whoſe particles adhere by 
rc a ſtrong attraction, and are not therefore 
«« ſeparated and rarefied without fermenta- 
© tion; thoſe particles receding from one 
c another with the greateſt repulſive force, 
«« and being moſt difficultly brought toge- 
« ther, which upon contact were moſt 
“ ſtrongly united.” And, query 30: 
«© Denſe bodies by fermentation rarefy into 
< ſeveral forts of air; and this air by fermen- 
tation, and ſometimes without it, returns 
into denſe bodies.” Of the truth of which 


we have evident proof from many of the fol- 


lowing experiments, vig. 

That I might be well aſſured that no part 
of the new air which was produced in diſtil- 
lation of bodies, aroſe either from the greatly 
heated air in the retorts, or from the ſub- 
ſtance of the heated retorts, I firſt gave a red 
hot heat both to an empty glaſs retort, and 
alfo to an iron retort made of a muſket bar- 
rel; when all was cold, I found the air took 
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up no more room than before it was heated: 
whence I was aſſured, that no air aroſe, either 
from the ſubſtance of the retorts, or from 
the heated air. 

As to animal ſubſtances, a very confiderable 
quantity of permanent air was produced by 
diſtillation, not only from the blood and fat, 
but alſo from the moſt ſolid parts of animals. 


EXPERIMENT XLIX. 


A cubick inch of hog's blood, diſtilled to 
dry ſcoria, produced 33 cubick inches of air, 
which air did not ariſe till the white fumes 
aroſe; which was plain to be ſeen by the 
oreat deſcent of the water at that time in the 
receiver a 2 y (Fig. 33.) 


EXPERIMENT . 


Leſs than a cubick inch of Zallow, being 
all diſtilled over into the receiver a 2 y (Fig. 
33.) produced 18 cubick inches of air, 


EXPERIMENT LI, 


241 grains, or half a cubick inch of the 
tip of a- fallow deer born, being diſtilled in 
1 the 
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the iron retort; made of a muſket barrel, 
which was heated at a ſmith's forge, produ- 
ced 117 cubick inches, that is, 2 34 times its 
bulk of air, which did not begin to riſe till the 
white fumes aroſe; but then ruſhed forth in 
great abundance; and in good plenty, alſo with 
the fœtid oil, which came laſt. The remain- 
ing calx was two thirds black, the reſt aſh- 
coloured; it weighed 128 grains, ſo it was not 
half waſted, whence there muſt remain much 
ſulphur in it; the weight of water to air being 
nearly as 88 5 to one, as Mr. Hawkſbee found 
it, by an accurate experiment, A cubick 
inch of air will weigh + of a grain, whence 
the weight of air in the horn was 33 grains, 
that is, near = part of the whole horn. 

We may obſerve in this, as alſo in the pre- 
ceding experiment, and many of the following 
ones, that the particles of new air were de- 
tached from the blood and horn, at the ſame 
time with the white fumes, which conſtitate 
the volatile ſalt : but this volatile ſalt, which 
mounts with great activity in the air, is ſo far 
from generating true elaſtick air, that on the 
contrary it abſorbs it, as I found by the fol- 
lowing experiment, 


3 EXPE- 


ANALYSIS or TRE AIR. 175 


EXPERIMENT LIL 


A dram of volatile ſalt of ſal armoniac 
ſoon diſtilled over with a gentle heat ; but 
tho' the expanſion in the receiver was double 
that of heated air alone, yet no air was gene- 


rated, but two and an half cubick inches were 
abſorbed. 


EXPERIMENT LIII. 
Half a cubick inch of cy/ter-ſhell, or 266 


grains, diſtilled in the iron retort, generated 
162 cubick inches, or 46 grains, which is a 


little more than { part of the weight of the 
ſhell. 


EXPERIMENT LIV. 


Two grains of phoſphorus eaſily melted at 
ſome diſtance from the fire, flamed and filled 
the retort with white fumes; it abſorbed 
three cubick inches of air. A like quantity 
of phoſphorus, fired in a large receiver, (Fig. 
35.) expanded into a ſpace equal to ſixty 
cubick inches, and abſorbed 28 cubick inches 
of air: when three grains of phoſphorus were 
weighed, ſoon after it was burnt, it had loſt 
half a grain of its weight; but when two 
grains of phoſphorus were weighed, ſome hours 


after 
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after it was burnt, having run more per deli- 
guium by abſorbing the moiſture of the air, it 
had increaſed a grain in weight, 


EXPERIMENT LV. 


As to vegetable ſubſtances, from half a cubick 
inch, or 135 grains of heart of oak, freſh cut 
from the growing tree, were generated 108 
cubick inches of air, z. e. a quantity equal to 
216 times the bulk of the piece of oak; its 
weight was above thirty grains, part of the 
weight of 135 grains of cat. I took a like 
quantity of thin ſhavings from the ſame piece 
of oak, and dried them gently at ſome diſtance 
from a fire for twenty-four hours, in which 
time 44 grains weight of moiſture had eva- 
porated ; which being deducted from the 1 5 5 
grains, there remain 91 grains for the ſolid 
part of the oak : then the 30 grains of air 
will be * of the weight of the ſolid part of 
the oak, 

Eleven days after this air was made, I put 
a live ſparrow into it, which died inſtantly. 


EXPERIMENT LVI. 


From 388 grains weight of Indian wheat, 
which grew in my garden, but was not 
| : | come 
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come to full maturity, were generated 270 
cubick inches of air, the weight of which air 
was 77 grains, vig. + of the weight of the 
wheat. 


ExPERIMENT LVII. 


From a cubick inch or 318 grains of peas, 
were generated 396 cubick inches of air, or 
113 grains, i. e. ſomething more than of 
the weight of the pcas. 

Nine days after this air was mode, I I'ſited 
the inverted mouth of the receiver wich 
contamed it out of the water, and put a light- 
ed candle under it, upon which ir inſtantly 
flaſhed: then I immediately immertſd the 
mouth of the receiver in the water, to extin- 
guiſh the flame: this I repeated 2 or 10 
times, and it as often flaſhed, fer wh -h it 
ceaſed, all the ſulphureous ſpit ing bornt, 
It was the ſame with air of dt led oy!licr- 
ſhell and amber, and with new diſtilled air of 
peas and bees-wax. I found it the ſame alſo 
with another like quantity of air of peas; not- 
withſtanding I wathed that air no leſs than ele- 
ven times, by pouring it ſo often under water, 
upwards, out of the containing veſſel, into 


another inverted receiver full of water. 
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EXPERIMENT LVIIL. 


There were raiſed'from an ounce, or 437 
grains of muſtard-ſeed, 270 cubick inches of 
air, or 77 grains, which is ſomething more 
than + part of the ounce weight. There 
was doubtleſs much more air in the ſeed; 
but it roſe in an unelaſtick ſtate, being not diſ- 


entangled from the oil, which was in ſuch plen- 


ty within the gun-barrel, that when I heated 
the whole barrel red hot, in order to burn 
it out, it flamed vigorouſly out at the mouth of 
the barrel. Oil alſo adhered to the inſide of 
the barre], in the diſtillation of many of the 
other animal, vegetable, and mineral ſub- 
ſtances ; ſo that the elaſtick air which I mea- 
ſured in the receiver, was not all the air con- 
tained in the ſeveral diſtilled ſubſtances; ſome 
remaining in the oil, for there is unelaſtick. 
air in oil, part being alſo reſorbed by the ſul- 
phureous fumes 1n the receiver, 


EXPERIMENT LIX. 


From half a cubick inch of amber, or 13 5 
grains, were raiſed 13 5 cubick inches of air, 
or 38 grains, vig. 557 part of its weight. 

ExPEg- 
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EXPERIMENT LX. 


| From 142 grains of dry tobacco were raiſed 
153 cubick inches of air, which is little leſs 
than ; of the whole weight of the che; 


yet it was not all burnt, part being out of the 
reach of the fire. 


EXPERIMENT LXI. 


Camphire is a moſt volatile ſulphureous ſub- 
ſtance ſublimed from the roſin of a tree in the 
Eaſt-Indies. A dram of it melted into a 
clear liquor, at ſome diſtance from the fire, 
and ſublimed in the form of white cryſtals, a 
little above the liquor, it made a very ſmall 
expanſion, and neither generated nor abſorbed 
air. The ſame Mr. Boyle found, when he 
burnt it in vacuo, Vol. II. p. 6og. 


EXPERIMENT LXII. 


From about a cubick inch of chymical «1 
of aniſeed, J obtained 22 cubick inches of 
air; and from a like quantity of oil of olives, 
88 cubick inches of air. Finding that the 
oil of aniſeed came plentifully over into the 
receiver, in the diſtillation of the oil of olives, 
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1 raiſed the neck of the retort a foot higher; 
by which means the oil could not fo eafily 
aſcend, but fell back again into the hotteſt 
part of the retort ; whereby, as well as on 
account of the leſs volatile nature of this oil, 
more air was ſeparated ; yet in this caſe good 
ſtore of oil came over into the receiver; in 
which there was doubtleſs plenty of unela- 
ſtick air : whence, by comparing this with 
Experiment 58, we ſce that air is in greater 
plenty ſeparated from the oil, when in the 
muſtard-ſeed, than it is from expreſſed or 
chymical oll. 


EXPERIMENT LXIII. 


From a cubick inch, or 359 grains of bo- 


ney, mixed with a calx of bones, there aroſe 


144 cubick inches of air, or 41 grains, v/Z. 
a little more than part of the weight of the 
whole, 


ExXPBRIMENT LXIV. 


From a cubick inch of yellow bees-wax, 
or 243 grains, there aroſe 54 cubick inches 
of air, or 15 grains; the 77 part of the 
whole, 

Expr- 


2 


r ex as. ele 
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EXPERIMENT LXV, 


From 373 grains, or a cubick inch of the 
coarſeſt ſugar, which is the eſſential ſalt of 
the ſugar-cane, there aroſe 126 cubick inches 
of air, equal to 36 grains, a little more than 
1c part of the whole. 


EXPERIMENT LXVI. 


I found very little air in 54 cubick inches 
of brandy, but in a like quantity of well-water 
I found one cubick inch. And it was the 
ſame in a little quantity of Briſtol hot well 
water, and of Holt water. In Pyrmont wa- 
ter there is near twice as much air, as in rain 
or common water, which air contributes to 
the briſkneſs of that and many other mine- 
ral waters. I found theſe ſeveral quantities 
of air, in theſe waters, by inverting the no- 
ſes of bottles full of theſe ſeveral liquors, into 
{mall glaſs ciſterns full of the ſame liquor; 
and then ſetting them altogether in a boiler, 
where having an equal heat, the air was 
thereby ſeparated, and aſcended to the up- 
per parts of the bottles. See Vol. II. p. 
269, 272. 

N 3 Ex E- 
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EXPERIMENT LXVII 
By the ſame means alſo, I found plenty 


of air might be obtained from minerals. Half 
a cubick inch, or 158 grains of Newcaſtle 
coal, yielded in AiRilation 180 cubick inches 
of air, which aroſe very faſt from the coal, 
eſpecially when the yellowiſh fumes aſcended. 
The weight of this air is 51 grains, which 
is nearly ; of the weight of the coals. | 


EXPERIMENT LXVIIL. 


A cubick inch of freſh dug untried earth off 
the common, being well burnt in diſtillation, 
produced 43 cubick inches of air, From 
chalk alſo 1 obtained air in the ſame manner, 


EXPERIMENT LXIX. 


From a quarter of a cubick inch of anti- 
meny, J obtained 28 times its bulk of air. It 
was diſtilled in a glaſs retort, becaule it will 
de mictalize 1 iron. 


EXPERIMENT LXX. 


I procured a hard, dark, grey fyrites, a vi- 


fr.olick mineral ſubſtance, which was found 7 
feet 


Al 
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feet under ground, in digging for ſprings on 
Walton-heath, for the ſervice of the Right 
Honourable the Earl of Lincoln, at his beau- 
tiful ſeat at Oatlands in Surrey, This mineral 
abounds not only with ſulphur, which has 
been drawn from it in great plenty, but alſo 
with ſaline particles, which ſhoot viſibly on its 
ſurface, A cubick inch of this mineral yield- 
ed in diſtillation 83 cubick inches of air. 


EXPERIMENT LXXI. 


Half a cubick inch of well decrepitated 
fea-ſalt, mixed with double its quantity of calx 
of bones, generated 32 times its buik of air: 
it had ſo great heat given it, that all being 
diſtilled over, the remaining ſcoria did not 
run per deliquium. I cleared the gun-barrel 
of theſe and the like tcoria, by laying the end 
of the retort on an anvil, and ſtriking long on 
the outfide with a hammer. 


EXPERIMENT LXXII. 


From 21 1 grains, cr half a cubick inch 
of nitre, mixed with calx of bones, there 
aroſe yo cubici. inches or air, 1. e. a quantity 
equal to 180 tunes ii- bulk; fo the weight 


N Ss: of 
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of air in any quantity of nitre is about 5 part, 
Vitrisl diſtilled iu the fame manner yields air 
too. 


EXPER IMENT LXXIII. 


From a cubick inch, or 443 grains of Rhe- 
niſh tartar, there aroſe very faſt 04 cubick 
inches of air; ſo the weight wa the air in this 
tartar was 144 grains, 1. e. 7 Part of the 
weight of the whole: the remaining ſcoria, 
which was very little, run per deliqurum, an 
argument that there remained ſome ſal tartar, 
and conſequently more air. For, 


EXPERIMENT LXXIV, 


Half a cubick inch, or 304 grains of ſal 
tartar, made with nitre and tartar, and mixed 
with a double quantity of calx of bones, yield- 
ed in diſtillation 112 cubick inches of air; 
that is, 224 times its bulk of air; which 112 
cubick inches weighing 32 grains, is nearly 
part of the weight of the /al tartar. There 
is 2 more intenſe degree of heat required to 
raiſe the air from /a tartar than from nitre. 


Hence we ce, that the proportion of air 


in equal bulks of ſal /ariar and nitre is as 
| 224. 
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224 to 180. But weight for weight, niire 
contains a little more air in it, than this / 
tartar made with nitre But ſal tartar ma le 
without nitre, has probably a little mare air 
in it than this had, becauſe it is f nnd to 
make a greater exploſion in the put; : ' ume 
nans, than the nitrated ſal tartar, bi us 
poſing, as is found by this experi nd, thot 
ſal tartar, according to its ſpecifick g i, 
contains 7 part more in it than nite; ct 
this exceſs of air is not ſufficient to account 
for the vaſtly greater exploſion of ſal tariar 
than of nitre; which ſeems princtyuily to 
ariſe from the more fixed nature O,, re; 
which therefore requii cs a more 1:tenice e- 
gree of fire, to ſeparate the air from the 
Nrongly adhering particles, than is found e- 
quiſite to raiſe the air from nere. Where 
the air of /a/ tartar muſt nf ily thereby 
acquire a greater claſt.ck force, and make a 
more violent explotion, than that of nitre, 
And from the ſame reaſon it is, that aurum 
fulminans gives a louder exploſion than purors 
fulminans. The ſcoria of this operation did 
not run per deliquium, a proof that all the 
ſal tartar was diſtilled over. See Vol. II. 
F. 282. * 


From 
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From the little quantity - of air which is 
obtained by the diſtillation of that very fixed 
body ſea ſalt, in Experiment 71, in compari- 
fon of what ariſes from ntre and ſal tartar, 
we ſee the reaſon why it will not go off 
with an exploſive force, like thoſe when 
fired, And at the ſame time we may hence 
obſerve, that the air included in nitre and /a/ 
tartar, bears a conſiderable part in their ex- 
ploſion. For ſea-/alt contains an acid 
ſpirit as well as nitre; and yet that without 
a greater proportion of air does not qualify it 
for exploſion, tho' mixed like nitre in the 
compoſition of gun- powder, with fulpiur and 
charcoal, ; 

Mr. Boyle found, that aqua-fortis, poured 
on a ſtrong ſolution of ſalt of tartar, did not 
ſhoot into fair cryſtals of falt-petre, till it 
had been long expoſed to the open air; 
whence he ſuſpected, that the air contribu- 
ted to that artificial production of ſalt-petre. 
And ſays, © Whatever the air hath to do in 


this experiment, we have known ſuch. 


changes made in fome ſaline concretes, 


* chictly by the help of the open air, a 


% very few would be apt to imagine.” Vol. 
I. Y. 302. and Vol. III. p. 80. And chy- 
miſts obſerve, that when the effential ſalts 
of 
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of vegetables are ſet to cryſtallize, it is 
needtul to take off the ſkin or pellicle, 
which covers the liquor, before the ſalts 
will ſhoot well. | 

We ſee from the great quantity of air, 
which is found in falts, of what uſe it is 
in their cryſtallization and formation ; and 
particularly, how neceſſary it is in making 
ſalt-petie from the mixture of ſalt of tartar, 
and ſpirit of nitre. For ſince, by experiment 
72 and 73, a great deal of air flies away, in 
the making of ſa/ tartar, either from nitre 
and tartar, or from tartar alone, it muſt 
needs be neceſſary, in order to the forming 
of nitce from the mixture of ſal tartar and 
ſpirit of nitre, that more air ſhould be in- 
corporated with it, than it contained either 
in the ſal tartar or ſpirit of nitre. 


EXPERIMENT LXXV, 


Near half a cubick inch of compound aqua- 


fortis, which bubbled, and made a con- 
ſiderable expanſion in diſtillation, was ſoon 
diſtilled off: as it covicd, the expanſion 
abated very faſt, and a little air was abſorb- 
ed. Whence it is evident, that the air ge- 
nerated by the diſtillation of nitre, did not 
arilc from the volatile ſpirituous particles. 
Hence 
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Hence alſo it is probable, that there is 
ſome air in acid ſpirits, which is reſorbed 
and fixed by them in diſtillation. And this 
is further confirmed from the many air- 
bubbles which ariſe from aqua-regia, in 
the ſolution of gold; for fince gold loſes 
nothing of its weight in being diſſolved, the 
air cannot ariſe from the metalline part of 
the gold, but muſt either ariſe from the 
aqua-regia, or from latent air in the pores 


of the gold. 


EXPERIMENT LXXVI. 


A cubick inch of common brimſtone ex- 
panded very little in diſtillation in a glaſs 
retort ; notwithſtanding it had a great heat 
given it, and was all diſtilled over into the 
receiver without flaming. It abſorbed ſome 
air: but flaming brimſtone, by Experiment 
103, abſorbs much air. 

A good part of the air thus raiſed from 
feveral bodies by the force of fire, was apt 
gradually to loſe its elaſticity, in ſtanding 
ſeveral days; the reaſon of which was, (as 
will appear more fully hereafter) that the 
acid ſulphureous fumes raiſed with that air, 

did reſorb and fix the elaſtick particles. 
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ExXPERIMENT LXXVIL 


To prevent which, I make uſe of the fol- 
lowing method of diſtillation, which is 
much more commodious than with glaſs 
retorts, whoſe juncture at @ (Fig. 33.) it is 
not eaſy to ſecure. Having firſt put the 
matter to be diſtilled into the iron retort 
rr (Fig. 39.) which was made of a muſket 
barrel, I then fixed a leaden ſyphon to the 
noſe of the retort ; and having immerſed 
the ſyphon in the veſſel of water * x, I 
placed over the open end of the ſyphon the 
inverted chymical receiver @ &, which was 
full of water; ſo that, as the air which was 
raiſed in diſtillation, paſſed through the water 
up to the top of the receiver @ b, a good 
part of the acid ſpirit and ſulphureous fumes 
were by this means intercepted and retain- 
ed in the water; the confequence of which 
was, that the new generatcd air continued 
in a more ggrmanently elaſtick ſtate, very 
little of it Wſing its elaſticity, v/z. not 
above a 1gth or 18th part, and that chiefly 
the firſt 24 hours; after which the remain- 
der continued in a conſtantly elaſtick ſtate ; 
excepting the airs of tartar and calculus bu- 
manus, Which in 6 or 8 days loſt conſtantly 

above 
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above one third of their elaſticity; after 
which the remainder was permanently ela- 
ſtical. In which ſtate it has continued, 
without any ſenfible alteration, for theſe 
fix years, that I have kept ſome of the air 
of calculus kumanus by me. 

That the great quantities of air, which are 
thus obtained from theſe ſeveral ſubſtances 
by diſtillation, are true air, and not a mere 
flatulent vapour, I was aſſured by the fol- 
lowing trials; viz. I filled a large receiver, 
which contained 540 cubick inches, with air 
of tartar; and when it was cool, I ſuſpended 
the receiver on the end of a balance while its 
mouth was inverted in water, Then, upon 
lifting the mouth of the receiver out of water, 
I immediately covered it by tying a piece of 
bladder over it. When I had found the ex- 
act weight, I blew out all the air of tartar 
with a pair of bellows which had a long ad- 
ditional noſe that reached to the bottom of 
the receiver. And then tying the bladder 
on, I weighed it again, but Md find no 
difference in the ſpecifick gravity of the two 
airs ; and it was the ſame with an air of tar- 
tar, which was 10 days old. 

As to the other property of the air, elaſti- 
city, I found it exactly the ſame in the air 


of 
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of tartar, which was 15 days old, and com- 
mon air, by filling two equal tubes with 
theſe different airs, the tubes were 10 inches 
long, and ſealed at one end; I placed them 
at the ſame time in a cylindrical glaſs con- 
denſing receiver, where I compreſſed them 
with two additional atmoſpheres, taking 
care to ſecure myſelf from danger in caſe the 
glaſs ſhould burſt, by plecing it in a deep 
wooden veſſel; the water roſe to equal heights 
in both tubes. This receiver was gently an- 
nealed, and thereby toughened, by being 
boiled in urine, where it lay till all was cold. 

I put alſo into the ſame tubes ſome new- 
made air of tartar, both the tubes ſtanding 
in Ciſterns of water; the air of one of theſe 
tubes I compreſſed in the condenſing en- 
gine for ſome days, to try whether in that 
compreſſed ſtate, more of the air's elaſticity 
would be deſtroyed by the abſorbing vapours, 
than in an uncompreſſed ſtate ; but I did not 
perceive any ſenſible difference. 

Lemery, in his courſe of chymiſtry, p. 592, 
obtained, in the dittillation of 48 ounces of 
tartar, 4 ounces of phlegm, 8 of ſpirits, 
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3 of gil, and 32 of ſcoria, 1. e. two thirds 


of the whole; ſo one ounce was loſt in the 
operation. 
In 
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In my diftillation of 44 3 grains of tar- fre 
tar in Exper. 73, there remained but 42 1 
grains of ſcoria, which is little more than di 
25 of the tartar; and in this remainder; re 
there was, by Exper. 74, air; for there was w. 
ſeal tartar, it running per deli quium. in 

Whence, by comparing Lemery's and my re: 
diſtillation together, we ſhall find, that there w: 
remained in this 32 ounces of ſeoria, and W. 
in the ounce that was loſt, (which was - 
doubtleſs moſt of it air) ſubſtance enough to ob 
account for the great quantity of air, which me 
in Exper. 73, was raiſed from tartar ; eſpe- 
cially, if we take into the account the pro- ab 
portion of air, which was contained in the rat 
oil, which was r part of the whole tar- ve 
tar, for there is much air in oil. ſk! 

The bodies which I diſtilled in this man- tin 
ner, (Fig. 38.) were horn, calculus humanus; ou 

 oyſter-ſhell, oak, muſtard-ſeed, Indian- A ( 
wheat, peas, tobacco, oil of aniſeed, oil ſtil 
of olives, honey, wax, ſugar, amber, coal, 
earth, Walton mineral, ſea-falt, ſalt-petre, At 


tartar, fal tartar, lead, minium. The 
greateſt part of the air obtained from all 
which bodies was very permanent, except 
what the air of tartar and calculus humanus 
loſt in ſanding ſeveral days. Particularly that 

| from 
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from nitre loſt little of its elaſticity, where” 
as moſt of the air obtained from nitre, in 
diſtilling with the receiver (Fig. 33.) was 
reſorbed in a few days, as was alſo the air 
which was gencrated from detonized nitre 
in Experiment 102. Iſence alſo we ſee the 
reaſon why 19 parts in 20 of the air which 
was generated by the firing of gunpowder, 
was in 18 days reſorbed by the lulphureous 
fumes of the gunpowder; as Mr. Hawksbze 
obſerved, in his nen Experi- 
ments, p. 83. 

In the diſtillation of horn, it was obſerv- 
able, that when towards the end of the ope- 
ration the thick fetid oil aroſe, it formed 
very large bubbles, with tough unctuous 
ſkins, which contigued in that fizte ſome 
time; and when they broke, there aroſe 
out of them volumes of finoak, as out of 
a chimney, and it was the ſame in the di- 
ſtillation of muſtard- ſced. 


, ®p. 
* 


AN ACCOUNT OF SOME EXPERIMENTS 


MADE ON STONES TAKEN OUT or 
HUMAN URINE, AND GALL-BLADDBERS, 


Aving procured, by the favour of Mr. 
| Ranby, Surgeon to His * Majeſty's 
© houſt.old, 
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houſhold, ſome calculi bumani, I made the 
following experiments with them, which I 
ſhall here inſert, viz. 

I diſtilled a calculus in the iron retort 
(Fig. 38.); it weighed 230 grains, it was 
ſomething leſs in bulk than + of a cubick 
inch : there aroſe from it very briſkly, in 
diſtillation, 516 cubick inches of elaſtick air, 
that is, a bulk equal to 645 times the bulk 
of the ſtone: ſo that above half the ſtone 
was reiſed by the action of the fire into ela- 
ſtick air; which is a much greater propor- 
tion of air than I have ever obtained by 
fire from any other ſubſtanccs, whether ani- 
mal, vegetable or mineral. The remaining 
calx weighed 49 grains, that is, r part 
of the calculus; which is nearly the ſame 
portion of calx, that the worthy Dr. Slare 
found remaining, after the diſtilling and cal- 
cining two ounces of calculus; one ounce 
and three drams of which (he ſays) eva- 
1% porated in the open fire, (a material cir- 
* cumitance, which the chymiſts rarely in- 
«© quire after) of which we have no account.” 
Pbiloſ. Tranſat, Lowthorp's Abridgment, vol. 


III. p. 179. The greateſt part of which was, 


we ſee by the preſent experiment, raiſed into 
permanently elaſtick air. 
By 
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By comparing this diſtillation of the cal- 
tulus with that of Rheniſh tartar, in Experi- 
ment 73, we ſee that they both afford more 
air in diſtillation, than any other ſubſtances ! 
and 1t is remarkable, that a greater propor- 
tion of this new raiſed air from theſe two 
ſubſtances; is teſorbed, and loſes its elaſti- 
city, in ſtanding a few days, than that of any 
other bodies; which are ſtrong ſymptoms 
that the calculus is a trus animal tartar, 
And as there was very conſiderably leſs oil, 
in the diſtillation of Rheniſh tartar, than 
there was in the diſtillation of the ſeeds and 
ſolid parts of vegetables; ſo I found that 
this calculus contained much leſs oil than 
the blood or ſolid parts of animals. 

I diſtilled in the ſame manner as the above- 
mentioned calculus, ſome ſtones taken out 
of a human gall bladder; they weighed fifty- 
two grains, ſo their bulk was equal to © part 
of a cubick inch, as I found by taking their 
ſpecifick gravity, There were 108 cubick 
inches of elaſtick air raiſed from them in 
diſtillation, a quantity equal to 648 times 
their bulk; much the {fame quantity that 
was raiſed from the calculus. About t part 
of this elaſtick air was in four days reduced 
into a fixed ſtate, There aroſe much more 
O 2 oil 
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oil in the diſtillation of theſe ſtones, than 
from the caiculus, part of which oil did 
ariſe from the gall, which adhered to and 


was dried on the ſurfaces of the ſtones; 


which oil formed large bubbles, like thoſe 
which ariſe in the diſtillation of deers-horn, 
P. 193. 

A ſmall ſtone of the gall bladder, which 
was as big as a pea, was diſſolved in a lix- 
iwium of ſal tartar in ſeven days, which 
lixivium will alſo diſſolve 7artar ; yer it will 
not diflolve the calculus, which is more firmly 
united in 1ts parts. 

A quantity of calculus equal to one half 
of what was diſtilled, vig. 115 grains, did, 
when a cubick inch of ſpirit of nitre was 
poured on it, diſſolve in 2 or 3 hours, with 
a large froth, and generated 48 cubick inches 
of air, none of which loſt its claſticity, though 
it ſtood many days in the glaſs veſſel, (Fig. 
34.) And alike quantity of fartar being 
mixed with ſpirit of nitre, was in the ſame 
time diſſolved; but no elaſtick air was gene- 
rated, notwithſtanding fartar abounds ſo 
much with air. 

Small pieces of tartar and calculus were 
in 12 or 14 days both diſſolved by oil of 


vitrio]; the like pieces of 7artar and cal-, 


cults 
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culus were diſſolved in a few hours by oil of 
vitriol, into which there was gradually poured 
near an cqual quantity of ſpirit of hart's- 
horn, made with lime, which cauſed a con- 
ſiderable ebullition and heat. 

Though the remaining calx of the diſtilla- 
tion of tartar, in Experiment 73, run per de- 
liquium, and had therefore ſal rartar in it; 
and though the calx of the diſtilled calcalus did 
not run per deliguium, and had conſequently 
no ſal tartar in it; yet it cannot thence 
be inferred, that the calculus is not a tar- 
tarine ſubſtance: becauſe by Experiment 74, 
it is evident, that ſa fartar itſelf, when 
mixed with an animal calx, diſtils all over, 
ſo that the calx will not afterwards run fer 
deliqurum. 

By the great ſimilitude there is therefore 
in ſo many reſpects between theie two ſub- 
ſtances, we may well look upon the ceirtiines, 
and the fone in the call blrdder, as true ane 
mal tariars ; and doubtleſs gouty concretions 
are the ſame. 

From the great quantities of air that are 
found in theie tartars, we ſee that unelaſ- 
tick air particles, which by their ſtrongly 
attracting property arc {9 in, umental in form- 
ing the nutritive matter of animals and ve- 
O 3 getahles, 
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getables, are by the ſame attractive power apt 
ſometimes to form anomalous concretions, 
as the ſtone, &c, in animals, eſpecially in 
thoſe places where any animal fluids are in 
a ſtagnant ſtate, as in the urine and gall- 
bladders : they ſtrongly adhere alſo to the 
fides of urinals, &c. The like tartarine con- 
cretions are alſo frequently formed in ſome 
fruits, particularly in pears; but they do then 
eſpecially coaleſce in greateſt plenty, when 
the vegetable juices are in a ſtagnant ſtate, as 
in wine veſſels, &c. 

This great quantity of ſtrongly attracting, 
unelaſtick air particles, which we find in the 
Calculus, ſhould rather encourage than diſ- 
courage us, in ſearching after ſome proper 
diſſolvent of the ſtone in the bladder, which, 
upon the analyſis of it, is found to be well 

ſtored with active principles, ſuch as are the 
principal agents in fermentation, For Mr, 
Boyle found therein a good quantity of vola- 
tile ſalt, with ſome oil; and we ſee by the 
preſent experiment, that there is ſtore of 
unelaſtick air particles in it. The difficulty 
ſeems chiefly to lie in the over - proportion 
of theſe laſt- mentioned particles, which are 
firmly united together by ſulphur and ſalt; 
f the 
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the proportion of caput mortuum, or earth, 
being very ſmall. Vide Vol. II. p. 189. 


EXPERIMENT LXXVIII. 


One eighth of a cubick inch of mercury 
made a very inſenſible expanſion in diſtilla- 
tion, notwithſtanding the iron retort had an 
almoſt melting heat given it at a ſmith's forge, 
ſo that it made an ebullition, which could be 
heard at ſome diſtance, and withal ſhook the 
retort and receiver. There was no air gene- 
rated, nor was there any expanſion of air in 
the following experiment, vi. 


EXPERIMENT LXXIX. 


1 put into the ſame retort half a cubick 
inch of mercury, affixing to the retort a very 
capacious receiver, which had no hole in the 
bottom. The wide mouth of the receiver 
was adapted to the ſmall neck of the retort 
(which was made of a muſket barrel) by means 
of two large pieces of cork, which entered and 
filled the mouth of the receiver, they having 
holes bored in them of a fit ſize for the neck 


of the retort; and the juncture was farther 


ſecured, by a dry ſupple bladder tied over it; 
O 4 
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for I purpoſely avoided making uſe of any 
moiſt lute, and took care to wipe the inſide 
of the rcceiver very dry with a warm cloth, 

The mercury made a great. cbullitiun, and 
came ſome of it over into the receiver, as ſoon 
as the retort had a red heat given it, which 
was increaſed to a white and almoſt melting 
heat, in which ſtate it continued for half an 
hour. During which time, 1 frequently co- 
hobated fome part of the mercury, which 
condenſed, and was lodge. on an horizontal 
level, about th: micdle of the neck of the 
retort : and which, upon raiſing the receiver, 
flowed down into the botrom of the retort, and 
there made a freſh ebullition; which had 
ccaſed, when all the mercury was Gutilled 
from the bottom of the retort. When all 
was cool, I found about two drams of Mercury 
in the rctort, and loſt in the whole forty-three 
grains, but there ' was not the leaſt moiſture in 
the receiver. 

Whence it is to be ſuſpected that Mr. Boyle 
and others were deceived by ſome unheeded 
circumſtance, when they thought they ob- 
tained a water from mercury in the diſtilla- 
tion of it; which he ſays he did once, but 
could not make the hke experiment after- 
wards fucceed, Boyle, Vol. III. p. 416. 

J re- 
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I remember that about twenty years ſince, 
] was concerned with ſeveral others in ma- 
king this experiment at the elaboratory in 
Trinity college Cambridge; when imagining 
there would be a very great expanſion, we lu- 
ted a German earthen retort to three or four 
large alodals, and a capacious receiver; as Mr, 
Wilſon did in his courſe of chymiſtry. Four 
pounds of mercury were poured by little and 
little into the red hot retort, through a tobac- 
co-pipe purpoſely affixed to it. The event 
was, that we ſound ſome ſpoons fall of wa- 
ter with the mercury in the alodals, which I 
then ſuſpected to ariſe from the moiſture of 
the earthen retort and lute, and am now con- 
firmed in that ſuſpicion. It rained inceſſant- 
ly all the day, when I made this preſent ex- 
periment ; ſo that, when water is obtained in 
the diſtillation of mercury, it cannot be owing 
to a moiſter temperature of the air, 


The Efjedts of Fermentation on the Air. 
Sce Vol. II. page 295. 


Aving from the foregoing experiments 

ſeen very evident proof of the produc- 

tion of confiderable quantities of true elaſtick 
air, from liquors and ſolid bodies, by means 


of 
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of fire; we ſhall find in the following expe- 
riments many inſtances of the production, 
and alſo of the fixing or abſorbing of great 
quantities of air, by the fermentation ariſing 
from the mixture of variety of ſolids and 
fluids; which method of producing and of 
abſorbing, and fixing the elaſtick particles of 
air by fermentation, ſeems to be more accor- 
ding to nature's uſual way of proceeding, than 
the other of fire. 


EXPERIMENT LXXX, 


I put into the bolthead 5 (Fig. 34.) ſix- 
teen cubick inches of /hbeep's blood, with a little 
water to make it ferment the better. I found 
by the deſcent of the water from z to y, that 
in eighteen days fourteen cubick inches of 
air were generated, | 


EXPERIMENT LXXXI. 


Volatile ſalt of ſal ammoniac, placed in an 
open glaſs ciſtern, under the inverted glaſs 
2 2 aa, (Fig. 35.) neither generated nor ab- 

ſorbed air. Neither did ſeveral other vola- 
tile liquors, as ſpirits of harts-horn, ſpirits of 
wine, nor compound aqua-fortis, generate 
any 
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any air. But ſal ammoniac, ſal tartar, and 
ſpirits of wine mixed together, generated 
twenty-ſix cubick inches of air, twoof which 
were in four days reſorbed, and after that ge- 
nerated again. 


EXPERIMENT LXXXII. 


Half a cubick inch of /al ammoniac, and 
double that quantity of :/ of vitriol, gene- 
rated the firſt day 5 or 6 cubick inches: but 
the following days it abſorbed 1; cubick 
inches, and continued many days in that ſtate. 

Equal quantities of ſpirit of furpentine, 
and oil of vitriol, had near the ſame eftect, 
except that it was ſooner in an abſorbing ſtate 
than the other, 

Mr. Geoffroy ſhews, that the mixture of 
any vitriolic ſalts, with inflammable ſubſtan- 
ces, will yield common brimſtone; and by 
the different compoſitions he has made of 
ſulphur, and particularly from oi of vitro, 
and ci of turpentive, and by the analytis 
thereof, when thus prepared, hie diſcovered 
it to be nothing but vitriolic ſalt, united with 
the combuſtible ſubſtance. French Memoirs, 
Anno 1704, p. 381; or Boyle's Works, Vol. 
III. p. 273. Notes. 
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ExrERIM ENT LXXXIII. 


In February I poured on ſix cubick inches 
of powdered yer Hell, an equal quantity of 
common white- wine v/negar. In five or fix 
minutes it generated ſeventeen cubick inches 
of air, and in ſome hours twelve cubick inches 
mere; in all twenty-nine inches. In nine 
days it had flowly reſorbed 21 cubick inches 
of air. The ninth day I poured warm wa- 
ter into the veſſel x x, (Fig. 3 4.) and the fol- 
lowing day, when all was cool, I found that 
it had reſorbed the remaining eight cubick 
inches. Hence we ſee that warmth will 
ſometimes promote a reforbing as well as a 
generating ſtate, vig. by raiſing the reſorbing 
tumcs, as will appear more hereafter, 

Half a cubick inch of che- Hell, and a cu- 
bick inch of i of vitriol, generated thirty- 
two cubick inches of air. 

Oyſer Meli, and two cubick inches of ſcur 
rennet cf a calf's ſtomach, generated in four 
days eleven cubick inches. But ere 
with ſome of the /:quer of @ cats ſtomach, 
which had fed much upon hay, did not ge- 
nerate air, It was the ſame with oy/fer-/lell 
and cx gail, urine, and ſpittle, 


Half 
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Half a cubick inch of oyffer-/bell and Se- 
vil orange-juice generated the firſt day thir- 
teen cubick inches of air, and the following 
days it reſorbed that, and three or four more 
cubick inches of air, and would ſometimes 
generate again, It was the ſame with lemon 
Juice. 

Oyſter - hell and milk generated a little air: 
but /emon juice and mk did at the ſame time 
abſorb a little air; as did alſo calf 's rennet 
and vinegar; ſome of the ſame rennet alone 
generated a little air, and reſorbed it again the 
following day. It had the ſame effect hen 
mixed with crumbs of bread, 


EXPERIMENT LXXXIV. 


A cubick inch of lemon juice, and near an 
equal quantity of ſpirits of hartſhorn, per ſe, 
1. e. not made with lime, did in four hours 
abſorb three or four cubick inches of air; 
and the following day it remitted or generated 
two cubick inches of air: the third day 
turning from very warm to cold, it again re- 
ſorbed that air, and continued in an abſorbing 
ſtate for a day or two. 

That there is great plenty of air incorpora- 
ted into the ſubſtance of vegetables, which by 

3 the 
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the action of fermentation, is rouſed into an 
elaſtick ſtate, is evident by theſe following 
experiments, vis. 


ExPERIMENT LXXXV. 


March the ſecond, I poured into the bolt- 
head 6 (Fig. 34.) forty-two cubick inches of 
ale from the tun, which had been there ſet to 
ferment thirty-four hours before: from that 
time to the gth of June it generated 639 cu- 
bick inches of air, with a very unequal pro- 
greſſion, more or leſs as the weather was warm, 
cool, or cold; and ſometimes, upon a change 
from warm to cool, it reſorbed air, in all thir- 
ty two cubick inches. 


Ex PER MEN T LXXXVI. 


March the ſecond, twelve cubick inches of 
Malaga raiſins, with 18 cubick inches of 
water, generated by the 16th of April 411 
cubick inches of air; and then in two or three 
cold days it reſorbed thirty-five cubick inches. 
From the 21ſt of April to the 16th of May 
it generated 78 cubick inches; after which 
to the gth of June it continued in a reforbing 
ſate, ſo as to reſorb 13 cubick inches; there 

were 
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were at this ſeaſon many hot days, with much 
thunder and lightning, which deſtroys the air's 
elaſticity; ſo there were generated in all 489 
cubick inches, of which 48 were reſorbed. 
The liquor was at laſt very vapid. 

From the great quantity of air generated 
from apples, in the following experiment, it is 
probable, that much more air would have 
riſen from the laxer texture of ripe undried 
grapes, than did from theſe raiſins, 

We ſee from theſe experiments on raiſins 
and ale, that in warm weather wine and ale 
do nat turn vapid by imbibing air, but by fer- 
menting and generating too much, whereby 
they ate deprived of their enlivening principle, 
the air; for which reaſon theſe liquors are 
beſt preſerved in cool cellars, whereby this 
active invigorating principle is kept within due 
bounds, which when they exceed, wines are 


upon the fret and in danger of being ſpoiled. 


ExrrRIMENT LXXXVII. 


Twenty-ſix cubick inches of afpies being 
maſhed Auguſt 10, they did in thirteen days 
generate 966 cubick inches of air, a quantity 
equal to 43 times their bulk; after which they 
did in three or four days reſorb a quantity equal 

to 
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to their bulk, notwithſtanding it was very 
hot weather; after which they were ſtatio- 
| nary, neither reſorbing nor generating air ih 
many days. 
A very coarſe brown-ſugar, with an equal 
| quantity of water, generated nine times its 
bulk of air; r7:ce-four fix times its bulk; 
ſcurvy-graſi leaves generated and abſorbed 
air; peas, wheat, and barley did in fer- 
mentation alſo generate great quantities of 
alr, 
That this air, which ariſes in ſuch great 
quantities from fermenting and diſſolving 
vegetables, is true permanent air, 1s certain, 
by its continuing in the ſame expanded elaſtick 
ſtate for many weeks and months; which ex- 
panding watry vapours will not do, but ſoon 
condenſe when cool. And that this new gene- 

rated air is elaſtical, is plain, not only by its tw 

dilating and contracting with heat and cold, cit 
as common air does, but alſo by its being 

compreſſible, in proportion to the incumbent 

weight, as appears by the two following ex- 

periments, which ſhew what the great force 

of theſe acrial particles is, at the inſtant they lo 
eſcape from the fermenting vegetables. ir 
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Expr RIM ENT LXXXVII. 


1 filled the ſtrong Hungary- water bottle, b c 
(Fig. 36.) near half full of peas, and then full 
of water, pouring in, firſt, half an inch depth 
of mercury; then I ſcrewed at 5 into the 
bottle the long ſlender tubea z, which reached 
down to the bottom of the bottle ; the water 
was in two or three days all imbibed by the 
peas; and they thereby much dilated ; the 
mercury was alſo forced up the ſlender glaſs 
tube near eighty inches high; in which ſtate 
the new generated air in the bottle was com- 
preſſed with a force equal to more than two 
atmoſpheres and an half; if the bottle and 
tube were ſwung to and fro, the mercury 
would make long vibrations in the tube be- 
tween 2 and 6, which proves the great elaſti- 


city of the compreſſed air in the bottle, 


EXPERIMENT LXXXIX. 


I found the like elaſtick force by the fol- 
lowing experiment, viz. I provided a ſtrong 
iron pot ab cd, (Fig. 37.) which was two and 
2 inches diameter within fide, and five inches 
deep. I poured into it half an inch depth of 

1 mercury; 


4% A i ln or e in 


mercury; then I put a little coloured honey 
at x, into the bottom of the glaſs- tube 2 x, 
which was ſealed at the top. I ſet this tube 
in the iron cylinder u, to ſave it from break. 
ing by tue iwelling of the peas. The pot 
being filled with peas and water, I put a lea- 
thern collar between the mouth and lid of the 
pot, which were both ground even, and then 


preſſed the lid hard down in a cyder-preſs: 
the third day I opened the pot, and found 


all the water imbibed by the peas; the honey 
was forced up the glaſs-tube by the mercury 
to z, (tor ſo far the glaſs was dawbed) by 
which means I found the preſſure had been 
equal to two atmoſpheres and +; and the dia- 
meter of the pot being two ＋ + inches, its 
area was fix ſquare inches, whence the dilate- 


ing force of the air againſt the lid of the pot 


was equal to 200 pounds. 

Aud that the expanſive force of new gene- 
rated air is vaſtly tuperior to the power with 
which it acted on the mercury in theſe two 
experiments, is plain from the force with 


which fermenting muſt will burſt the ſtrongeſt 


veſicls; and from the vaſt exploſive force with 
which the air generated from nitre in the 
firing of gun-powder, will burſt aſunder the 
ſtrongeſt 
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ſtrongeſt bombs or cannon, and whirl fortifi- 
cations in the air. 

This ſort of mercurial gage, made uſe of 
in Experiment 89, with ſome unctuous mat- 
ter, as treacle, or the like tinged liquor, 
on the mercury in the tube, to note how 
high it riſes there, might probably be of ſer- 
vice, in finding out unfathomable depths of 
the ſea, viz. by fixing this ſea-gage to ſome 
buoyant body, which ſhould be ſunk by a 
weight fixed to it, which weight might by 
an eaſy contrivance be detached from the 
buoyant body, as ſoon as it touched the bot- 
tom of the ſea; ſo that the buoyant body 
and gage would immediately aſcend to the 
ſurface of the water. The buoyant body ought 
to be pretty large, and much lighter than the 
water, that by its greater eminence above the 
water it might the better be ſecn; for it is 
probable that from creat depths it may riſe 
at a conſiderable diſtance from the ſhip, tho' 
in a calm. 

For greater accuracy it will be needful, 
firſt, to try this ſea-gage, at ſeveral different 
depths, down to the greateſt depth that a 
line will reach, thereby to diſcover, whe- 
ther or how much thc ipring of the air is 
Giſturbed or condenſed, not only by the great 

CL preſſure 
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preſſure of the incumbent water, but alſo by 
its coldneſs at great depths; and in what pro- 
portion, at different known depths, and in 
different lengths of time, that an allowance 
may accordingly be made for it at unfathom- 
able depths. See Vol. II. p. 332. 


This gage will alſo readily ſhew the de- 
grees of compreſſion in the candenfing en- 


But to return to the ſubject of the two laſt 
experiments, which prove the elaſticity of 
this new generated air; which elaſticity is 
ſuppoſed to confilt in the active aerial par- 
ticles, repelling each other with a force, 
Which is reciprocally proportional to their 

diſtances : that illuſtriqus philaſopher, Sir 
Iſaac Newton, in accounting how air and 
vapour is produced, Opticks, Quer. 31, ſays, 
The particles, when they are ſhaken off 
« from bodies by heat or fermentation, fo - 
« ſoon as they are beyond the reach of the 
« attraction of the body receding from it, 
* as alſofrom one anather, with great ſtrength 
and keeping at a diftance, fo as ſometimes 
* totake up above a million of times more 
« ſpace than they did before in the form of 
« a denſe body; which vaſt contraction and 
*« expantion ſeems uniatelligible, by feign- 
cc ing 
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« ing the particles of air to be ſpringy and 
* tamous, or rolled up like hoops, or by any 
« other means than by a repulfive power.” 
The ttuth of which is farther confirmed by 
theſe experiments, which ſhew the great 
quantity of air emitted from fermenting bo- 
dies; which not only proves the great force 
with which the parts of thoſe bodies muft 
be diſtended ; but ſhews alſo how very mach 
the particles of air muſt be coited up in that 
ſtate, if they are, as has been * 
fpringy and ramous. 

To inftance in the caſe of the couted 
apples, which generated above 48 times 
their bulk of air; this air, when in the 
apples, muſt be compreffed into leſs than 
a forty-eighth part of the ſpace i takes up, 
when freed from them, and it will conſe- 
quently be forty-cight times more denſe ; 
and ſince the force of compreſſed air is pro- 
portional to its denfity, that force which 
compreſſes and confines this air in the a 
ples, muſt be equal to the weight of forty- 
eight of our atmoſpheres, when the mer- 
cury in the barometer ſtands at fair, that is, 
30 inches high, 


P 3 Now 
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Now a cubick inch of mercury weighing 
3580 grains, thirty cubick inches (which is 
equal to the weight of our atmoiphere on 
an area of a cubick inch) will weigh fifteen 
pounds, five ounces, 215 grains; and forty- 
eight of them will weigh above 83 pounds; 
which is therefore equal io the force with 
which an inch ſquare of the ſurface of the 
apple would compreſs the air, ſuppoſing 
there were no other ſubſtance but air in the 
apple: and if we take the ſurface of an 
apple at fixicen ſquare inches, then the 
whole force with which that ſurtace would 
compreſs the included air, would be 13383 
pounds, And ftuce action and reœaction 
are equal, this wouid be the force, with 
which the air in the apple would endea- 
vour to expand iticlf, it it were there in 
an elaſtick and firongly compreſſed ſtate : 
but ſo great an expanſive force in an apple 
would certainly rend the ſubſtance of it with 
a firong exp! en, eſpecially when that force 
was increatcd by the vigorous influence of 
the ſun's warmth. | 

We may make a like eſtimate alſo, from 
the great quantities of air which aroſe either 
by fermentation, or the force of fire from 
ſeveral other bodies. Thus in Exp. 5 5, there 


aroſe 
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aroſe from a piece of heart of cak, 216 
times its bulk of air. Now 216 cubick 
inches of air, compreſſed into the ſpace of 
one cubick inch, would, if it continued there 
in an elaſtick ſtate, preſs againſt one fide of 
the cubick inch with an expanſive force equal 


to 3393 pounds weight, ſuppoſing there were 


no other ſubſtance but air contained in it; 
and it would preſs againſt the fix fides of 
the cube, with a force equal to 20350 
pounds, a force ſufficient to rend the oak 
with a vaſt exploſion: it is very reaſonable 
therefore to conclude, that moſt of theſe 
now active particles of the new generated 
air, were in a fixed ſtate in the apple and 
oak before they were rouſed, and put into 
an active repelling ſtate, by fermentation and 
fire. 

The weight of a cubick inch of apple 
being 191 grains, the weight of a cubick 
inch of air ; of a grain, forty-e:ght times 
that weight of air is nearly equal to the four- 
teenth part of the weight of the apple. 

And if to the air thus generated from a 
veſſel of any vegetable liquor by fermenta- 
tion, we add the air that might afterwards 
be obtained from it by hcat or diſtillation; 
and to that alſo the vaſt quantity of air which 
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by Experiment 73 is found to be contained 
in its tartar, which adheres to the ſides of 
the veſſel; it would by this means be found 
that air makes a very conſiderable part of 
the ſubſtance of vegetables, as well as of 
animals. 

But though from what has been ſaid, it 
is reaſonable to think, that many of theſe 
particles of air were in a fixed ſtate, ſtrongly 
adhering to, and wrought into the fubſtance 
of apples; yet on the other hand it is moſt 
evident from Exper. 34, and 38, where in- 
numerable bubbles of air inceflantly aroſe 
through the ſap of vines, that there is a con- 
ſiderable quantity of air in vegetables, upon 
the wing, and in a very active ſtate, eſpeci- 
ally in warm weather, which enlarges the 
ſphere of their activity. 


The Effects of the Fermentation of Mi neral 
| Subſtances on the Air. 


J Have above ſhewn that air may be pro- 
duced from mineral ſubſtances, by the 
action of fire in diſtillation. And we have, 
in the following experiments, many inſtances 
of the great plenty of air, which is generated 
by ſome fermenting mixtures, abſorbed by 
others, 


-* © 
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others, and by others alternately generated and 
abſorbed. 


% 


ExPrtktMENT XC. 


I poured upon a middle-{ized gold-ring, 
beat into a thin plate, two cubick inches of 
aqua regia; the gold was all diſolved the next 
day, when I found four cubick inches of air 
generated; for air-bubbles were continually 
arifing during the ſolution: but fince gold 
loſes nothing of its weight in being thus diſ- 
folved, the 4 cubick inches of air, which 
weighed more than a grain, muſt ariſe either 
out of the pores of the gold, or from the agua 
regia; which makes it probable, that there are 
air particles in acid ſpirits; for by Experi- 
ment ſeventy-five, they abſorb air; which air 
particles regained their elafticity, when the 
acid ſpirits which adhered to them were more 
ſtrongly attracted by the gold, than by the air 
particles, 


EXPERIMENT XCl. 


A quarter of a cubick inch of antimony, 
and two cubick inches of aqua regia, genera- 
ted thirty-cight cubick inches of air, the 

firſt 
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firſt three or four hours, and then abſorbed 
fourteen cubick inches in an hour or two, It 
is very obſervable, that air was generated while 
the ferment was imall, on the firſt mixing of 
the ingredients: but when the ferment was 
greatly increaſed, ſo that the fumes roſe very 
viſibly, chen there was a change made from a 
generating to an abſorbing ſtate z that is, there 
was more air abſorbed than generated. 

That 1 might find whether the air was ab- 
ſorbed by the fumes only of the agua regia, 
or by the acid ſulphureous vapours, which 
aſcended from the anizmony, I put a like 
quautity of aqua regia into a bolthead 5, 
(Fip. 34.) and heated it, by pouring a large 
quantity of hot water into the ciſtern x x, 
which ſtood in a larger veſſæl, that retained 
the hot water about it, but no air was ab- 
ſorbed; for when all was cold, the water 
ſtocd at the point ⁊, where I firſt placed it: 
and I found it the ſame, when, inſtcad of a- 
qua regia, J put only ſpirit of nitre into the 
bolthead &; yet in the diſtillation of compound 
aqua fortis, Exper. 75. a little was abſorbed. 
Hence therefore it is probable, that the great- 
eſt part, if not all the air, was abſorbed by 
the fumes which aroſe from the antimony. 


ExpE- 
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EXPERIMENT XCII. 


Some time in February, the weather very 
cold, I poured upon a quarter of a cubick inch 
of powdered an:zmony, a cubick inch of com- 
pound or double aqua-fort!s, in the bolthead 5 
(Fig. 34.): in the firſt 20 hours it generated 
about 8 cubick inches of air; aſter that, the 
weather being ſomewhat warmer, it ferment- 
ed faſter, ſo as in two or three hours to ge- 
nerate 82 cubick inches of air more ; but the 
following night being very cold, little was 
generated ; ſo the next morning 1 poured hot 
water into the veſſcl x x, which renewed the 
ferment, ſo that it generated 4 cubick inches 
more, in all 130 cubick inches, a quantity 
equal to 520 times the bulk of the a1, 

The fermented maſs looked like brim- 
ſtone, and when heated over the fire, there 
ſublimed into the neck of the bolthead a red 
ſulphur, and below it a yellow ; which ſulphur, 
as Mr. Boyle obſerves, Vol. III p. 272. cannot 
be obtained by the bare action of fire, without 
being firſt well digeſted in oil of vitriol, or 
ſpirit of nitre. And by comparing the quan- 
tity of air obtained by fermentation in this 
expcriment, with the quantity obtaiued by 

3 the 
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the force of fire in Exper. 69, we find that 
five times more air was generated by fermen- 
tation than by fire, which ſhews fermenta- 
tion to be a more ſubtle diflotvent than fire; 
yet in ſome caſes there is more air generated 
by fire, than by fermentation, 

Half a cubick inch of of] of antimony, with 
an equal quantity of compound aqua: Fortis, 
generated 36 cubick inches of elaſtick air, 
which was all reſorbed the following day. 


EXPERIMENT XCIIL 


Some time in February, a quarter of a 
cubick inch of fil:ngs of iron, and a cubick 
inch cf compound aqua-fortis, without any 
water, did, in four days, abſorb 27 cubick 
inches of air. It having ceaſed to abforb, I 
poured hot water into the veſſel x x, to try if 
I could renew the ferment. The effect of 
this was, that it generated three or four cu- 
bick inches of air, which continued in that 
ſtate for ſome days, and was then again re- 

I repeated the ſame experiment in warm 
weather in April, when it more briſkly ab- 
forbed 12 cubick inches in an hour, 


ExPE- 


ers bee. 
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EXPERIMENT XCIV. 


March 12th, + of a cubick inch of filings 
of iran, with a cubick inch of compound agua 
fertis, and an equal quantity of water, for the 
firſt half hour abſorbed five or fix cubick 
inches of air; but in an hour more it had 
emitted that quantity of air ; and in two hours 
more it again reſorbed what had been juſt be- 
fore emitted. The day following it continued 
abſorbing, in all 12 cubick inches: and then 
remained ſtationary for 15 or 20 hours, The 
third day it had again remitted or generated 
three or four cubick inches of air, and thence 
continued ſtationary for five or fix days. 

It is remarkable, that the ſame mixtures 
ſhould change from generating to abſorbing, 

and from abſorbing to generating ſtates ; ſome- 
times with, and ſometimes without any ſen- 
fible alteration of the temperature of the air. 
See Vol. II. p. 237, 293. 


A like quantity of filings of iron, and ail 
of vitriol, made no ſenſible ferment, and ge- 
nerated a very little air; but upon pouring in 
an equal quantity of water, it generated in 21 
days 43 cubick inches of air; and in 3 or 
4 days more it reſorbed 3 cubick inches of 
alr ; 
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air; when the weather turned warmer, it was 
generated again, which was again reſorbed 
when it grew cool. 

One fourth of a cubick inch of filings of 
iron, and a cubick inch of oi of vitriol, with 
three times its quantity of water, generated 
108 cubick inches of air. 

Filings of iron, with ſpirit of nitre, either 
with an equal quantity of water, or without 
water, abſorbed air, but moſt without water. 

One fourth of a cubick inch of filings of 
iron, and a cubick inch of lemon, juice, abſorb- 
ed two cubick inches of air. 


EXPERIMENT XCV. 


Half a cubick inch of {pir:rs of hartſhorn, 
with fiings of iron, abſorbed Ii cubick 
inches of air, with ings of copper, double 
that quantity of air, and made a very deep blue 
tincture, which it retained long, when expo- 
ſed to the open air, It was the ſame with 
ſpirit of ſal armoniac, and filings of copper. 

A quarter of a cubick inch of filings of 
iron, with a cubick inch of powdered brim- 
lone, made into a paſte with a little water, 
abſorbed nineteen cubick inches of air in two 
days. 

N. B. 


. 
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N. B. I poured hot water into the ciſtern 
x x, (Fig. 34.) to promote the ferment, 

A like quantity of lings of iron, and pow- 
dered Newcaſtle coal, did in three or four 
days generate ſeven cubick inches of air. I 


could not perceive any ſenſible warmth in this 


mixture, as was in the mixture of 7ron and 


 brimſtone. 


Powdered brimſtone and Newcaſtle coal 
neither generated nor abſorbed, 

Filings of iran and vater abſorbed three or 
four cubick inches of air; but they do not 
abſorb ſo much, when immerſed deep in wa- 
ter; what they abloch is uſually the firſt three 
or four days. 

F:lings of iron, and the above-mentioned 
Walton prrites, in Exper. 70. abſorbed in four 
days 2 quantity of air nearly equal to double 
their bulk, 

Copper ore, and com pound 7 aqua=fortis, neither 
generated nor abſorbed air; but, mixed with 
water, it abſorbed. air. 

A quarter of a cubick inch of in, and 
double that quantity of compound agua: forlis, 
generated two cubick inches of air; part of 


the tin was diſſolved into a very White ſub- 
ſtance. 
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EXPERIMENT XCVI. 


April 16th, a cubick inch of the afore- 
mentioned Walton pyrites powdered with a 
cubick inch of compound aqua -fortis, expanded 
with great violence, heat, and fume, into a 
fpace equal to 200 cubick inches, and in a 
little time it condenſed into its former ſpace; 
and then abſorbed 8 5 cubick inches of air. 

But the like quantity of the ſame mineral, 
with equal quantities of compound aqua-ſortis 
and water, fermented more violently, and ge- 
nerated above go cubick inches of air. 

I repeated thefe experiments ſeveral times, 
both with and without water, and found con- 
ſtantly the ſame effect. Yet oi of vitriol 
and water with ſome of the ſame mineral; 
abſorbed air It was very warm, but did not 
make a great ebullition. 

But this alten mineral, with equal quan- 
tities of ſpirit of nitre and water, generated 
air, which air would abſorb freſh admitted 
air, See Vol. II. p. 283, 292. 


ExPERIMENT XCVII. 


I choſe two equal-fized boltheads, and 
put into cach of them a cubick inch of 
powdered 
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powdered Walton pyrites, with only a cu- 
bick inch of compound aqua-fortis into one, 
and a cubick inch of water and compound 
aqua-fortis into the other: upon weighing 
all the ingredients and veſſels exactly, both 
before and after the fermentation, I found 
the bolthead with compound agua-fortis alone 
had loſt in fumes 1 dram 5 grains : but the 
other bolthead with water and compound 
aqua-fortis, which fumed much more, had 
loſt 7 drams, 1 ſcruple, 7 grains, which is 
fix times as much as the other loſt, 


EXPERIMENT XCVIII. 


A cubick inch of Newca/ile coal pow- 
dered, and an equal quantity of compound 
aqua-fortis poured on it, did in three days 
abſorb 18 cubick inches of air; and in 3 
days more it remitted and generated 12 cu- 
bick inches of air; and on pouring. warm 
water into the vellcl x x, (Fig. 34.) it re- 
mitted all that had been abſorbed. 

Equal quantities of 6r:m/tone and com- 
pound aqua-fortis neither generated nor ab- 
ſorbed any air, notvithſtanding hot water 
was poured into the veſſel x x. 

A cubick inch of finely powdered ut, 
and an equal quantity of compound ag:1a- 
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Fortis, abſorbed in 5 or 6 days 12 cubick 
inches of air. 


Equal quantities of powdered Brifol | 


diamond, and compound agua-fortis, and 
water, abſored 16 times their bulk of air. 
The like quantities without water ab- 


ſorbed more ſlowly 7 times their bulk of 


air. 

Powdered Briſiol marble (vix. the ſhell 
in which thoſe azamonds lay) covered pretty 
deep with water, neither generated nor 


abſorbed air; and it is well known that 
Briſtol watcr does not ſparkle like ſome . 


other mineral waters. 


EXPERIMENT XCIX. 


When the agua regia was poured on oleum 


tartari per deliguium, much air was gene- 
rated, and that probably chiefly from the 
oleum tartari ; for by Exper. 74, ſal tartar 
has plenty of air in it. 

It was the ſame when the oi of vztr:o! 


was poured on oleum tartari; and oleum 


tartari dropped on boiling tartar generated 
much air. 
When equal quantities of water and oil 


of vitriol were poured on ſea falt, it ab- 


ſorbed 15 cubick inches of air; but when 
in 
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in the like mixture the quantity of water 
was double to that of the oi of vitrol, 
then but half ſo much air was abſorbed, 


EXPERIMENT C, 


I will next ſhew, what effect ſeveral al- 
kaline mineral bodies had on the air in fer- 
menting mixtures, 

A ſolid cubick inch of unpowdered chalk, 
with an equal quantity of ci of vitriol, fer- 
mented much at firſt, and in ſome degree 
for 3 days; they generated 31 cubick inches 
of air. The chalk was only a little diſſolved 
on its ſurface. 

One hundred and forty-fix grains, or near 
one third of a cubick inch of chalk, being 
let fall on two cubick inches of ſpirit of 
ſalt, 71 cubick inches of air were generated, 
of which 36 cubes were reſorbed in ꝙ days. 

Yet lime made of the ſame chalk abſorb- 
ed much air, when oi of vitricl was poured 
on it; and the ferment was ſo violent, that 
it breaking the glaſs veſſels, I was obliged to 
put the ingredients in an iron veſſel. 

Two cubick inches of freſh lime, and 
four of common white wine vinegar abſorbed 
in 15 days 22 cubick inches of air, 
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The like quantity of freſh lime and water 
abſorbed in 3 days 10 cubick inches of air. 

Two cubick inches of lime, and an equal 
quantity of ſal ammonziac, abſorbed 115 cu- 
bick inches: the fumes of this mixture are 
therefore doubtleſs very ſuffocating. 

A quart of unſlacked /ime, left for 44 
days, to flacken gradually by it-felf, without 
any mixture, abſorbed no air. 

March 3d, a cubick inch of powdered 
Belemnitis, taken from a chalk pit, and an 
equal quantity of i of vitriol, generated 
in five minutes 35 cubick inches of air. 
March 5th, it had generated 70 more. 
March 6th, it being a hard froſt, it reſorbed 
12 cubick inches; ſo it generated in all 105 
inches, and reſorbed 12. 

Powdered belemnitis and lemon juice ge- 
nerated plenty of air too; as did alſo the 
ſlar-ſlone, lapis judaicus, and felenitis with coil 
of vitriol. 


EXPERIMENT Cl. 


Gravel, that is well burnt, wood-aſhcs, 
decrepitated ſalt, and colcothar of vitriol, 
placed ſcverally under the inverted glats 
2 Z a a, (Fig. 3 5.) increaſed in weight by 

im- 


„ if aw Wwe. cot. Sa @w .o 


ANALYSIS or THE AIR. 229 


imbibing the floating moiſture of the air: 
but they abſorbed no elaſtick air. It was 
the ſame with the remaining Iixivicus ſalt of 
a diſtillation of nitre. 

But 4 or 5 cubick inches of powdered 
freſh c:nder of Newcaſtle coal did in ſeven days 
ablorb 5 cubick inches of elaſtick air. And 
13 cubick inches of air were in ; days ab- 
ſorbed by pulvis urens, a powder which im- 
mediately kindles into a live cole, upon being 
expolcd to the open air. 


EXPERIMENT CII. 


What effect burning and flaming bodies, 
and the reſpiration of animals, have on the 
air, we ſhall ſee in the following experi- 
ments; US. 

I fixed upon the pedeſtal under the in- 
verted glaſs 2 2 a a, (Fig. 35.) a piece of 
brown paper, which had been dipped in a 
ſolution of itre, and then well dricd; I 
ſet fire to the paper by means of a burn- 
ing-glaſs: the mizre detonized, and burnt 
briſkly for ſome time, till the glaſs zz a 4 
was very full of thick fumes, which extin- 
guiſhed it, The expanſion cauſed by the 
burning tre, was equal to mere than two 
quarts : when all was cool, there were near 


Q 3 do cu- 
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8o cubick inches of new generated air, which 
aroſe from a ſmall quantity of detonized 
nitre; but the elaſticity of this new air dai- 
ly decreaſed, in the ſame manner as Mr. 
Hawkſbee obſerved the air of fired gun- 
powder to do, Phyfico-mechanical Exper, 
p. 83, ſo that he found 19 of 20 parts occu- 
pied by this air to be deſerted in 18 days, 
and its ſpace filled by the aſcending water ; 
at which ſtation it reſted, continuing there 
for 8 days without alteration: and in like 
manner, I found that a conſiderable part of 
the air which was produced by fire in the 
diſtillation of ſeveral ſubſtances, did gra- 
dually loſe its elaſticity in a few days after 
the diſtillation was over; but it was not fo 
when I diſtilled air through water, as in Ex- 


periment 77. (Fig. 38.) 


EXPERIMENT ClIII. 


I placed on the ſame pedeſtal large matches 
made of linen rags dipped in melted brim- 
ſtone: the capacity of the veſſel, (Fig. 35.) 
above 2 2 the ſurface of the water, was 
equal to 2024 cubick inches, The quantity 
of air which was abſorbed by the burning 
match, was 198 cubick inches, equal to 5 
part of the whole air in the veſſel. 


I made 
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I made the ſame experiment in a leſſer 
veſſel 2 2 à 4, (Fig. 35.) which contained 
but 594 cubick inches of air, in which 150 
cubick inches were abforbed ; z. e. full -: 
part of the whole air in the receiver: ſo 
that though more air is abſorbed by burning 
matches in large veſſels, where they burn 
longeſt, than in ſmall ones, yet more air, 
in proportion to the bulk of the veſſel, is 
abſorbed in ſmall than in large veſſels : if a 
freſh match were lighted and put into this 
infected air, though it would not burn part 
of the time that the former match burnt in 
freſh untainted air, yet it would abſorb near 
as much air in that ſhort time; and it was 
the ſame with candles, 


EXPERIMENT CIV. 


Equal quantities of filings of iron and 
brimſtone, when let fall on a hot iron on 
the pedeſtal under the inverted glaſs z Z @ a, 
(Fig. 35.) did in burning abſorb much air; 
and it was the ſame with ant:mony and 
brimſtone : whence it is probable, that v 
cand s, Whoſe fewel conſiſts chiefly of brim- 
lone, mixed with ſeveral mineral and me- 
talline ſubſtances, do not generate, but rather 


abſorb air, 
Q 4 We 
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We find in the foregoing Experiment 102 
on nitre, that a great part of the new ge- 
nerated air is in a few days reſorbed, or 
loſes its claſticity : but the air which 1s ab- 
ſorbed by burning br:mffone, or the flame 
of a candle, does not recover its elaſticity 
again, at leaſt, not while confined in my 


glaſſes. 
EXPERIMENT CV. 


I made ſeveral attempts to try whether 
air full of the jumes of burning brimſtone 
was as compreſſible as common freſh air, 
by compreſſing at the ſame time tubes full 
of each of theſe airs in the condenſing en- 
cine; and I found that clear air is very lit- 
tle more compreſſible than air with fumes 
of brim//;ne in it: but I could not come to 
an exact certainty in the matter, becauſe the 
fumes were at the ſame time deſtroying the 
elaſticity of the air. I took care to make 
the air in both tubes of the ſame tempera- 
ture, by firſt immerſing them in cold water, 
before I compreſſed them. See Appendix 
Vol. IL p. 319, 320. 


EXPERIMENT Cl. 


I ſet a lighted zallow candle, which was 
about ;*- of an inch diameter, under the in- 
verted 
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verted receiver 2 2 a a, (Fig. 35.) and with 
a ſyphon I immediately drew the water up to 
2 2: then drawing out the ſyphon, the water 
would deſcend for a quarter of a minute, and 
after that aſcend, notwithſtanding the candle 
continued burning, and heating the air for 
near three minutes. It was obſervable 1n this 
experiment, that the ſurface of the water 
2 2 did not aſcend with an equal progreſ- 
ſion, but would be ſometimes ſtationary ; 
and it would ſometimes move with a flow, 
and ſometimes with an accelerated motion; 
but the denicr the fumes, the faſter it 
aſcended. As ſoon as the candle was out, 
I marked the height of the water above 2 Z, 


which difference was equal to the quantity of 


air, whoſe elaſticity was deſtroyed by the 
burning candle. As the air cooled and con- 
denſed in the receiver, the water would 
continue riſing above the mark, not only 
till all was cool, but for 20 or 30 hours 
after that, which height it kept, though 
it ſtood many days; which ſhews that the 
air did not recover the elaſticity which it 
had loſt. 

The event was the ſame, when for great- 
er accuracy I repcated this experiment by 
lighting the candle after it was placed un- 
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der the receiver, by means of a burning-glaſs, 
which ſet fire to a ſmall piece of brown paper 
fixed to the wick of a candle, which paper 
had been firſt dipped in a ſtrong ſolution of 
nitre in water; and when well dried, part of 
it was dipped in melted brimſtone; it will alſo 
light the candle without being dipped in 6r/m- 
one. Dr. Mayow, found the bulk of air 
lefſened by , part, but does not mention the 
ſize of the glaſs veſſel under which he put 
the lighted candle, De Sp. Nitro @reo, p. 
107, The capacity of the veſſel above z x, 
in which the candle burnt in my experiment, 
was equal to 2024 cubick inches; and the 
elaſticity of the Sr part of this air was de- 
ſtroyed. TUE: 
The candle cannot be lighted again in 
this infected air by a burning-glaſs: but if 
I firſt lighted it, and then put it into the 
ſame infected air, though it was extinguiſhed 
in < part of the time, that it would burn in 
the ſame veſſel, full of freſh air; yet it 
would deſtroy the elaſticity of near as much 
air in that ſhort time, as it did in five times 
that ſpace of time in freſh air; this I re- 
peated ſeveral times, and found the ſame 
event: hence a groſs air, which is loaded 


with vapours, 1s more apt in equal times to 
loſe 
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loſe its — in greater quantities, than 
a clear air. 

I obſerve that where the veſſels are equal, 
and the fize of the candles unequal, the elaſ- 
ticity of more air will be deſtroyed by the 
large than by the ſmall candle: and where 
candles are equal, there moſt air in proportion 
to the bulk of the veſſel will be abſorbed in 
the ſmalleſt veſſel: tho' with equal candles 
there is always moſt elaſtick air deſtroyed in 
the largeſt veſſel, where the candle burns 
longeſt, 

I found alſo in fermenting liquors, that, 
ceteris paribus, more air was either generated 
or abſorbed in large, than in ſmall veſſels, by 
generating or abſorbing mixtures. As in the 


mixture of agua regia and antimony in Expe- 


riment 91, by enlarging the bulk of the air 
in the veſſel, a greater quantity of air was 
abſorbed, Thus alſo filings of iron and 
brimſtone, which in a more capacious veſſel 
abſorbed 19 cubick inches of air, abſorbed 
very little, when the bulk of air, above the 
ingredients, was but 3 or 4 cubick inches: 
for I have often obſerved, that when any 
quantity of air is ſaturated with abſorbing va- 
pours to a certain degree, then no more ela- 
ſtick air is abſorbed : notwithſtanding the 
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ſame quantity of abſorbing ſubſtances would, 
in a larger quantity of air, have abſorbed 
much more air; and this is the reaſon why 
I was never able to deſtroy the whole elaſti- 
city of any included bulk of air, whether it 
was common air, or new generated air. 


EXPERIMENT CVII. 


May 18, which was a very hot day, I 
repeated Dr, Mayow's experiment, to find 
how much air is abſorbed by the breath of 


animals incloſed in glaſſes, which he found 


with a mouſe to be , part of the whole 
air in the glaſs veſſel, De Sp. Nitro e@rco, 

P. 104. | 
I placed on the pedeſtal under the invert- 
ed glaſs 2 2 @ a, (Fig. 35.) a full-grown 
rat, At firſt the water ſubſided a little, 
which was occaſioned by the rarefaction of 
the air, cauſed by the heat of the animal's 
body. But after a few minutes the water be- 
gan to riſe, and continued riſing as long as 
the rat lived, which was about 14 hours, 
The bulk of the air in which the rat li- 
ved ſo many hours, was 2024 cubick inches; 
the quantity of elaſtick air which was ab- 
ſorbed, was 73 cubick inches, above + part 
of 
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of the whole, nearly what was abſorbed by 
a candle in the ſame veſſel, in Experi- 
ment 106. 

I placed at the ſame time, in the ſame 
manner, another almoſt half-grown rat 
under a veſſel, whoſe capacity above the 
ſurface of the water 2 2, (Fig. 35.) was 
but 594 cubick inches, in which it lived 10 
hours; the quantity of elaſtick air which 
was abſorbed, was equal to 45 cubick in- 
ches, vig. , part of the whole air, which 
the rat breathed in: a cat of three months 
old lived an hour in the ſame receiver, 
and abſorbed 16 cubick inches of air, v/z, 
35 part of the whole; an allowance being 
made in this eſtimate for the bulk of the 
cat's body. A candle in the ſame veſlc] con- 
tinued burning but one minute, and abſorbed 
54 cubick inches, r part of the whole 
air, 

And as in the caſe of burning br:m/tone 
and candles, more air was found to be abſorb- 
ed in large veſſels than in ſmall ones; and 
vice verſa, more air, in proportion to the capa- 
city of the veſſel, was abſorbed in ſmall than 
in large veſſels, ſo the ſame holds true here 
too in the caſe of animals, 
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ExPERIMENT CVIII. 


The following experiment will ſhew, that 
the elaſticity of the air is greatly deſtroyed by 
the reſprration of human lungs; viz. 

I made a bladder very ſupple by wetting 
of it, and then cut off ſo much of the neck 
as would make a hole wide enough for the 
biggeſt end of the largeſt foſſet to enter, to 
which the bladder was bound faſt. The 
bladder and foſſet contained 74 cubick 
inches. Having blown up the bladder; ] 
put the ſmall end of the foſſet into my 
mouth: and at the ſame time pinched my 
noſtrils cloſe, that no air might paſs that 
way, ſo that I could only breathe to and fro 


the air contained in the bladder. In lefs 


than half a minute I found a conſiderable 
difficulty in breathing, and was forced after 
that to fetch my breath very faſt; and at 
the end of the minute, the ſuffocating unea- 
ſineſs was ſo great, that I was forced to take 
away the bladder from my mouth. To- 
wards the end of the minute the bladder 
was become ſo flaccid, that I could not 
blow it above half full with the greateſt ex- 
piration that I could make: and at the ſame 


time 
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time I could plainly perceive, that my lungs 
were much fallen, juſt in the ſame manner 
as when we breathe out of them all the air 
we can at once, Whence it is plain that 
a conſiderable quantity of the elaſticity of the 
air contained in my lungs, end in the blad- 
der, was deſtroyed ; which ſuppoling it to 
be 20 cubick inches, it will be r part of 
the whole air, which I breathed to and 
fro; for the bladder contained 74 cubick 
inches, and the lungs by the following Ex- 
periment, about 166 cubick inches, in 
all 240. 

Theſe effects of reſpiration on the ela- 
ſticity of the air put me upon making an at- 
tempt to meaſure the inward ſurface of the 
lungs, which by a wonderful artifice are 
admirably contrived by the divine Artificer, 
ſo as to make their inward ſurface to 
be commenſurate to an expanſe of air 
many times greater than the animal's body ; 
as will appear from the following eſtimate, 
VIS, 


EXPERIMENT CIX. 


I took the lungs of a calf, and cut off 
the heart and wind-pipe an inch above its 
branching into the lungs; I got nearly the 

2 ſpeci - 
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ſpecifick gravity of the ſubſtance of the 


lungs, (which is a continuation of the branch- 
ings of the wind- pipe and blood-veſſels) by 
finding the ſpecifick gravity of the wind- 
pipe, which I had cut off; it was to well- 
water as 1.05 to 1. And a cubick inch of 
water weighing 254 grains; I thence found 
by weighing the lungs the whole of their 
ſolid ſubſtance to be equal to 384 cubick 
inches. 

I then filled a large earthen veſſel brim- 
full of water, and put the lungs in, which 
I blew up, keeping them under water, with 
a pewter plate. Then taking the lungs out, 
and letting the plate drop to the bottom of 
the water, I poured in a known quantiry of 
water, till the veſſel was brim-full again; that 
water was 7 pounds 6 ounces and , equal 
to 204 cubick inches; from which deduct- 
ing the ſpace occupied by the ſolid ſubſtance 
of the lungs, vis. 37+; cubick inches, 
there remains 166+: cubick inches for 
the cavity of the lungs. But as the pul- 
monary veins, arteries and lymphaticks, 


will, when they are in a natural ſtate, re- 


plete with blood and lymph, occupy more 
ſpace than they do in their preſent empty 
ſtate; therefore ſome allowance mult alſo 


be 
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be made out of the above taken cavity of 
the lungs, for the bulk of thoſe fluids; for 
which 25 + + cubick inches ſeem to be a 
ſufficient proportion, out of the 166 + + cu- 
bick inches; ſo there remain 141 cubick 
inches for the cavity of the lungs. 

I poured as much water into the bronchie 
as they would take in, which was one pound 
eight ounces, equal to 41 cubick inches ; 
this deducted from the above-found cavity 
of the lungs, there remain 100 cubick 
inches for the ſum of the cavity of the 
veſicles. 

Upon viewing ſome of theſe veſicles with 
a microſcope, a middle-ſized one ſeems to 
be about 2 part of an inch diameter; then 
the ſum of the ſurfaces in a cubick inch of 
theſe ſmall veſicles (ſuppoſing them to be 
ſo many little cubes, for they are not ſphe- 
rical) will be 600 ſquare inches ; for if the 
number of the diviſions of the fide of the 
cubick inch be 100, there will be 100 
planes, containing each one ſquare inch, in 
each dimenſion of the cube ; which having 
three dimenſions, the ſum of thoſe planes 
will be 300 ſquare inches, and the ſum of 
the ſurfaces of each fide of thoſe planes 
will be 600 ſquare inches ; which multiplied 
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by the ſum of all the veſicles in the lungs, 
VIZ. 100 cubick inches, will produce 60000 
{quare inches; one third of which muſt be 
deducted, to make an allowance for the ab- 
ſence of two ſides in each little veſicular 
cube, that there might be a free communi- 
cation among them for the air to paſs. to 
and fro; ſo there remain 40000 ſquare 
inches for the ſum of the ſurface of all the 
veſicles, 

And the bronchie containing 41 cubick 
inches, ſuppoſing them at a medium to be 
cylinders of , of an inch diameter, their 
ſurface will be 1635 ſquare inches, which 
addad to the ſurface of the veſicles, - makes 
the ſum of the ſurface of the whole lungs 
to be 41635 ſquare inches, or 289 ſquare 
feet, which 1s equal to 19 times the ſurface 
of a man's body, which at a medium is com- 
puted to be equal to 15 ſquare feet. 

I have not had an opportunity to take in 
the ſame manner the capacity and dimen- 
fions of human lungs; the bulk of which 
Dr. James Keill, in his Tentamina Medico- 
phyfica, p. 80, found to be equal to 226 cu- 
bick inches. Whence he eſtimated the ſum 
of the ſurface of the veſicles to be 21906 
{ſquare inches, But the bulk of human 

lungs 
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lungs is much more capacious than 226 cu- 
bick inches ; for Dr, Jurin, by an accurate 
experiment, found that he breathed out, at 
one large expiration, two hundred and twenty 
cubick inches of air; and I found it nearly 
the ſame, when I repeated the like experi- 
ment in another manner : ſo that there muſt 
be a large allowance made for the bulk of the 
remaining air, which could not be expired 
from the lungs; and alſo for the ſubſtance 
of the lungs. 

Suppoſing then, that, according to Dr. Ju- 
rin's eſtimate, (in Mott's Abridgment of the 
Philoſophical Tranſact. Vol. I. p. 415.) we 
draw in at each common inſpiration forty 
cubick inches of air, that will be 48000 cu- 
bick inches in an hour, at the rate of twenty 
inſpirations in a minute. A conſiderable part 
of the elaſticity of which air is, we ſee by 
the foregoing experiment, coſſſtantly de- 
ſtroyed, and that chiefly among the veſicles, 
where it is-charged with much vapour. 

But it is not eaſy to determine how much 
is deſtroyed. I attempted to find it out by 
the following experiment, which I ſhall here 
give an account of, though it did not ſucceed 
Jo well as I could have wiſhed, for want of 


much larger veſſels; for if it was repeated 
R 2 with 
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with more capacious veſſels, it would deter- 
mine the matter pretty accurately : becauſe 
by this artifice freſh air is drawn into the 
lungs at every inſpication, as well as in the 
free open air. 


EXPERIMENT CX. 


I made uſe of the ſyphon (Fig. 39.) tak- 
ing away the bladders, and diaphragms 1 
nn: 1 fixed, by means of a bladder, one 
end of a ſhort leaden ſyphon to the lateral 
ſoſſet i 7: then I faſtened the large ſyphon 
in a veſſel, and filled it with water, till it 
roſe W two inches of a, and covered 
the other open end of the ſhort ſyphon, 
which was depreſſed for that purpoſe. Over 
this orifice I placed a large inverted chymi- 
cal receiver full of water; and over the other 
leg 05 of the great ſyphon, 1 whelmed ano- 
ha large Empty receiver, whoſe capacity 

as equal to 1224 cubick inches; the 
mm of the receiver being immeried in 
the water, and gradually let down lower 
and lower by an aſſiſtant, as the water 
aſcended in it. Then ſtopping my noſtrils, 
I dfew in breath at a, thro' the ſyphon from 
the empty receiver : and when that breath 
was expired, the valve 6; ſtopping its return 
2 down 
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down thro' the ſyphon, it was forced thro' 
the valve r, and thence through the ſmall 
leaden ſyphon into the inverted receiver full 
of water, which water deſcended as the 
breath aſcended, In this manner I drew all 
the air, except five or fix cubick inches, out 
of the empty receiver at o, the water at the 
ſame time aſcending into it, and filling it; 
by which means all the air in the empty 
receiver, as alſo all the air in the ſyphon 
0 56 was inſpired into my lungs, and breathed 
out through the valve r into the receiver, 
which was at firſt full of water. I marked 


the boundary of air and water, and then 


immerſed the whole receiver, which had 
the breath in it, under water, and there gra- 
dually poured the contained breath up into 
the other full receiver, which ſtood inverted 
over 05; whereby I could readily find whe- 
ther the air had loſt any of its elaſticity : 
and for greater ſurety, I alſo meaſured the 
bulk of breath, by filling the receiver with a 
known quantity of water up to the above- 
mentioned mark ; making alſo due allow- 


ance for a bulk of air, equal to the capacity 


of the large ſyphon o, which was at laſt 
ſucked full of water, 
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The event was, that there were 18 cubick 
inches of air wanting; but as theſe receivers 
were much too ſmall to make the experi- 
ment with accuracy; that ſome allowance 
may be made for errors, I will ſet the loſs 
of elaſtick air at nine cubick inches, which 
is but i part of the whole air reſpired, 
which will amount to 353 cubick inches in 
one hour, or 100 grains, at the rate of 84 000 
cubick inches inſpired in an hour, or five 
ounces 210 grains, in 24 hours. 

By pouring the like quantity of air to and 
fro under water, I found that little or none 


of it was loſt; ſo it was not abſorbed by the 


water: to make this trial accurately, the 
air muſt be detained ſome time under water, 
to bring it firſt to the ſame temperature with 
the water, Care alſo muſt be taken in mak- 
ing this experiment, that the lungs be in the 
ſame degree of contraction at the laſt breath- 
ing, as at the firſt; elſe a conſiderable error 
may ariſe from thence, 

But tho' this be not an exact eſtimate, yet 
it is evident from the foregoing experiments 
on reſpiration, that ſome of the elaſticity of 


the air which is inſpired is deſtroyed ; and 
that chiefly among the veſicles, where it is 


moſt loaded with vapours; whence probably 
| ſome 
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ſome of it, together with the acid ſpirits, 
with which the air abounds, are conveyed 
to the blood, which we ſee is by an admi- 
rable contrivance there ſpread into a vaſt 
expanſe, commenſurate to a very large ſur- 
face of air, from which it is parted by very 
thin partitions; ſo very thin, as thereby pro- 
bably to admit the blood and air-particles 
(which are there continually changing from 
an elaſtick to a ſtrongly attracting ſtate) with- 
in the reach of each other's attraction, where- 
by a continued ſucceſſion of freſh air may be 
abſorbed by the blood. 

And in the Analyſis of the blood, either 


by fire or fermentation in Exper. 49, and 80, 


we find good plenty of particles ready to re- 
ſume the elaſtick quality of air : but whe- 
ther any of theſe air-particles enter the 
blood by the lungs, is not eaſy to deter- 
mine; becauſe there is certainly great ſtore 
of air in the food of animals, whether it be 
vegete ble or animal food. Yet, when we 
conſider how much air continually loſes its 
elaſticity in the lungs, which ſeem purpoſely 
framed into innumerable minute meanders, 
that they may thereby the better ſeize and 
bind that volatile bermes : it makes it very 
probable, that thoſe particles which are now 
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changed from an elaſtick, repulſive, to a 
ſtrongly attracting ſtate, may eaſily be at- 
tracted through the thin partition of the veſi- 
cles, by the ſulphureous particles which 
abound in the blood. 

And nature ſeems to make uſe of the like 
artifices in vegetables, where we find that 
air is freely drawn in; not only with. the 
principal fund of nouriſhment at the root, 
but alſo through ſeveral parts of the body of 
the vegetable above ground : which air was 
ſeen to aſcend in an elaſtick ſtate moſt freely 
and viſibly through the larger tracbeæ of the 
vine; and 1s thence doubtleſs carried with 
the ſap into minuter veſſels, where being in- 
timately united with the ſulphureous, ſaline, 
and other particles, it forms the nutritive 
ductile matter, out of which all the parts of 
vegetables do grow. 


EXPERIMENT CXI. 


It is plain from theſe effects of the fumes 
of burning brimſtone, lighted candle, and 
the breath of animals, on the elaſticity of 
the air, that its elaſticity in the veſicles of 
the lungs muſt be continually decreaſing, by 
reaſon of the vapours it is there loaded with; 
ſo that thoſe veſicles would in a little time 
ſubſide 
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ſubſide and fall flat, if they were not fre- 
quently repleniſhed with freſh elaſtick air at 
every inſpiration, thro' which the inferior 
heated vapour and air aſcends, and leaves 
room for the freſh air to deſcend into the 
veſicles, where the heat of the lungs makes it 
expand above + part; which degree of ex- 
panſion of a temperate air, I found by in- 
yerting a ſmall glaſs bubble in water, a little 
warmer than a thermometer is, by having its 
ball held ſome time in the mouth, which may 
reaſonably be taken for the degree of warmth 
in the cavity of the lungs. When the 
bubble was cool, the quantity of water imbi- 


bed by it was equal to ; of the cavity of the 
whole bubble. 


But when, inſtead of theſe frequent recruits 


of freſh air, there is inſpired an air ſurcharged 
with acid fumes and vapours, which not only 
by their acidity contract the exquiſitely ſen. 
ſible veſicles, but alſo by their groſſneſs much 
retard the free ingreſs of the air into the ve- 
ſicles, many of which are exceeding ſmall, fo 
as not to be viſible without a microſcope ; 
which fumes are alſo continually rebating the 
elaſticity of that air; then the air in the ve- 
ſicles will, by Exper. 107, and 108, loſe its 
elaſticity very faſt ; and conſequently the ve- 
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ſicles will fall flat, notwithſtanding the endea- 
vours of the extending thorax to dilate them 
as uſual ; whereby the motion of the blood 
thro' the lungs being ſtopped, inſtant death 
enſues. 

Which ſudden and fatal effect of theſe nox- 
10us vapours, has hitherto been ſuppoſed to 
be wholly owing to the loſs and waſte of the 
vivifying ſpirit of air; but may not unrea- 
ſonably be alſo attributed to the loſs of a con- 
ſiderable part of the air's elaſticity, and the 
groſſneſs and denſity of the vapours, which 
the air is charged with; for mutually attact- 
ing particles, when floating in ſo thin a medi- 
um as the air, will readily coaleſce into groſſer 
combinations : which effect of theſe vapours 
having not been duly obſerved before, it was 
concluded, that they did not affect the air's 
elaſticity ; and that conſequently the lungs 
muſt needs be as much dilated in inſpiration 


by this, as by a clear air, 


But that the lungs will not riſe and dilate 
as uſual, when they draw in ſuch noxious air, 
which decreaſes faſt in its elaſticity, I was aſ- 
ſured by the experiment I made on myſelt, 
in Exper. 108 ; for when towards the latter 
end of the minute, the ſuffocating quality of 
the air in the bladder was greateſt, it was with 
much 
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much difficulty that I could dilate my lungs 


a very little, 


From this property in the vapours ariſing 
from animal bodies, to rebate and deſtroy part 
of the elaſticity of the air, a probable account 


may be given of what becomes of a redun- 


dant quantity of air, which may at any time 
have gotten into the cavity of the 7horax, ei- 
ther by a wound, or by ſome defect in the 
ſubſtance of the lungs, or by very violent ex- 
erciſe. Which, if it was to continue al- 
ways in that expanded ſtate, would very much 
incommode reſpiration, by hindering the di- 


latation of the lungs in inſpiration. 
the vapours, which do continually 


But if 
ariſe in 


the cavity of the thorax, deſtroy ſome part of 


the elaſticity of the air, then there 


will be 


room for the lungs to heave: and probably, 
it is in the ſame manner that the winds are 
reſorbed, which, in their elaſtick ſtate, fly 
from one part of the boay or limbs to an- 
other, caufing by their diſtention of the veſ- 


ſels much pain, 


E x P Ee 


> ——— 


252 ANALYSIS or Taz AIR. 


EXPERIMENT CXII, 


I have by the following experiment found, 
that, the air will paſs here and there thro' the 
ſubſtance of the lungs, with a very ſmall 
force, viz. 

I cut aſunder the bodies of ſeveral young 
and ſmall animals juſt below the diaphragm, 


and then taking care not to cut any veſſel be- 


longing to the lungs, I laid the thorax open, 
by taking away the diaphragm, and ſo much 
of the ribs, as was needful to expoſe the 
lungs to full view, when blown up. And 
having cut off the head, I faſtened the wind- 
pipe to a very ſhort inverted leg of a glaſs ſy- 
phon; and then placed the inverted lungs 
and ſyphon in a large and deep glaſs veſſel x 
full of water, (Fig. 32.) under the air-pump 
receiver p p; and paſſing the longer leg of 
the ſyphon thro' the top of the receiver, where 
it was cemented faſt at 2, as I drew the air 
out of the receiver, the lungs dilated, having 


a free communication with the outward air, 
by means of the glaſs ſyphon; ſome of which 


air would here and there paſs in a few places 
thro' the ſubſtance of the lungs, and riſe in 
ſmall ſtreams thro' the water, when the re- 


ceiver 
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ceiver was exhauſted no more than to make 
the mercury in the gage riſe leſs than two 
inches, When I exhauſted the receiver, ſo 
as to raiſe the mercury ſeven or eight inches, 
though it made the air ruſh with much more 
violence through thoſe ſmall apertures in the 
ſarface of the lungs, yet I did not perceive 
that the number of thoſe apertures was in- 
creaſed, or at leaſt very little, An argument 
that thoſe apertures were not forcibly made 
by exhauſting the receiver leſs than two 
inches, but were originally in the live animal. 
And that the lungs of living animals are ſome- 
times raiſed with the like force, eſpecially in 
violent exerciſe, I found by the following 
experiment; viz. 


EXPERIMENT CXIII. 


I tied down a live dog on his back, near 
the edge of a table, and then made a ſmall 
hole through the intercoſtal muſcles into his 
thorax, near the diaphragm. I cemented faſt 
into this hole the incurvated end of a glaſs 
tube, whoſe orifice was covered with a little 


cap full of holes, that the dilatation of the 


lungs might not at once ſtop the orifice of 
the tube, A ſmall phial full of ſpirit of wine 
Was 


2 _ . 
7 > * w 
. . p a =" 
— —- 
— mY | — 
— 4 « 5 e 
- * 4 * 04 — 3 
* — 
22 - — 5 


= * 0 2 : | - * 2 
- vw — ws - l - od FR — 71 — 
— - —— = = — > pY 
S 33 20Y 
ol 8 — . — « * . '*; b 
— —  - 3 —— = W 
_ _ — a 8 o l — — - 
>" | . | : 


— x Far 
"EEE 


y Las " 2 2 a > Ar A+ + A 1 


— — 


. * — 6 * us _— - * 271 
- - . — — ww — — 1 ofcc<n — — 


_— 


== - 
"on MIT 
= 


5 


Nb 
_ 


Ir <_X2.. = 4 
"ne * 4 4 — by 
— — — —ę— K 2 = 
5 > — 
C . _ — — 


e 

g : 

x ® 3 

: 

: 1 

" 
: 

| 

- 


2:4 ANALYSIS or Taz AIR. 


was tied to the bottom of the perpendicular 
tube, by which means the tube and vial 
could eaſily yield to the motion of the dog's 
body, without danger of breaking the tabe, 
which was 36 inches long, The event was, 
that in ordinary inſpirations, the ſpirit roſe 
about fix inches in the tube; but in great and 
laborious inſpirations, it would riſe 24 and 30 
inches, viz. when I ſtopped the dog's noſ- 
trils and mouth, ſo that he could not breathe. 
This experiment ſhews the force with which 
the lungs are raiſed by the dilatation of the 
thorax, either in ordinary or extraordinary 
and laborious inſpirations, When I blew air 
with ſome force into the thorax, the dog was 
juſt ready to expire. | 
By means of another ſhort tube, which 
had a communication with that which was 
fixed to the 7horax, near its inſertion into the 
thorax, I could draw the air out of the Ho- 
rax, the height of the mercury, inſtead of 
ſpirit in the tube, ſhewing to what degree 
the thorax was exhauſted of air. The mer- 
cury was hereby raiſed nine inches, which 
would gradually ſubſide as the air got into 
the thorax through the lungs. 
I then laid bare the wind-pipe, and having 


cut it off a little below the /arynx, I affixed 
a to 
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to it a bladder full of air, and then conti- 
nued ſucking air out of the thorax, with a 
force ſufficient to keep the lungs pretty much 
dilated, As the mercury ſubſided in the 
gage, I repeated the ſunction for a quarter of 
an hour, till a good part of the air in the 
bladder was either drawn thro” the ſubſtance 
of the lungs into the zhorax, or had loſt its 
elaſticity, When I preſſed the bladder, the 
mercury ſubſided the faſter ; the dog was all 
the while alive, and would probably have 
lived much longer, if the experiment had 
been continued; as is likely from the follow- 
ing experiment, v/⁊. 


ExXPERIMENT CXIV. 


I tied a middle-fized dog down alive on 
a table, and having laid bare his wind-pipe, - 
I cut it aſunder juſt below the /arynx, and 
fixed faſt to it the ſmall end of a common 
foſſet; the other end of the foſſet had a large 
bladder tied to it, which contained 162 cu- 
bick inches; and to the other end of the 
bladder was tied the great end of another 
foſſet, whoſe orifice was covered with a valve, 
which opened inward, ſo as to admit any air 
that was blown into the bladder, but none 
could return that way ; yet for further ſecu- 


rity, 
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rity, that paſſage was alſo ſtopped with a 


ſpigot, 

As ſoon as the firſt foſſet was tied faſt to 
the wind-pipe, the bladder was blown full of 
air thro' the other foſſet; when the dog had 
breathed the air in the bladder to and fro 
for a minute or two, he then breathed very 
faſt, and ſhewed great uneaſineſs, as being 
almoſt ſuffocated, 

Then with my hand I preſſed the bladder 
hard, ſo as to drive the ait into his lungs with 
ſome force; and thereby make his abdomen 
riſe by the preſſure of the diaphragm, as in 
natural breathings : then taking- alternately 
my hand off the bladder, the lungs with the 
abdomen ſubſided ; I continued in this man- 
ner to make the dog breathe for an hour ; 
during which time I was obliged to blow 
freſh air into the bladder every five minutes, 
three parts in four of that air being either 
abſorbed by the vapours of the lungs, or 
eſcaping thro' the ligatures, upon my preſ- 
ſing hard on the bladder. 

During this hour, the dog was frequently 
near expiring, whenever I prefſed the air 
but weakly into his lungs ; as I found by 
his pulſe, which was very plain to be felt 
in the great crural artery near the groin, 

which 
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which place an aſſiſtent held his finger on 
moſt part of the time; but the languid pulſe 
was quickly accelerated, ſo as to beat faſt ; 
ſoon after I dilated the lungs much, by preſ- 
ſing hard upon the bladder, eſpecially when 
the motion of the lungs was promoted by 
preſſing alternately the abdomen and the blad- 
der, whereby both the contraction and dila- 
tation of the lungs was increaſed, 

And I could by this means rouſe the lan- 
guid pulſe whenever I pleaſed, not only at 
the end of every five minutes, when more air 
was blown into the bladder from a man's 
lungs, but alfo towards the end of the five 
minutes, when the air was fulleſt of fumes. 

At the end of the hour, I intended to try 
whether I could by the ſame means have kept 
the dog alive ſome time longer, when the 
bladder was filled with the fumes of burning 
brimſtone: but being obliged to ceaſe for a 
little time from preſſing the air into his lungs, 
while matters were preparing for this addi- 
tional experiment, in the mean time the dig 
died, which might otherwiſe have lived long- 
er, if I had continued to force the air into 
his lungs. 

Now, though this cxperiment was ſo fre- 
quently diſturbed, by being obliged to blow 

| 8 more 
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more air into the bladder twelve times du- 
ring the hour; yet fince he was almoſt ſuf- 
focated in leſs than two minutes, by breath- 
ing of himſelf to and fro the firſt air in the 
bladder, he would, by Experiment 106, ow 
candles, have died in leſs than two minutes, 
when one fourth of the old air remained in 
the bladder, immediately to taint the new 
admitted air from a man's lungs ; ſo that his 
continuing to live through the whole hour, 
muſt be owing to the forcible dilatation of 
the lungs, by compreſſing the bladder, and 
not to the vivifying ſpirit of air. For with- 
out that forcible dilatation, he had, after the 
firſt five or ten minutes, been certainly dead 
in leſs than a minute, when his pulſe was ſo 
very low and weak, which I did not find to be 
revived barcly by blowing three parts in four 
of new air from the lungs of a man into the 
bladder: but it was conſtantly rouſed and 
quickened, whenever I increaſed the dilata- 
tions of the lungs, by compreſſing the bladder 
more vigorouſly; and that whether it was at 
the beginning or end of each five minutes, 
yet it was more eaſily quickened, when the 
bladder was at any time newly filled, than 
when it was ncar empty. 


From 
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From theſe violent and fatal effects of very 
noxious vapours on the reſpiration and life 
of animals, we may ſce how the reſpiration 
is proportionably incommoded, when the air 
is loaded with leſſer degrees of vapours, which 
vapours do, in ſome meaſure, clog and lower 
the air's elaſticity; which it beſt regains by 
having theſe vapours diſpelled by the venti- 
lating motion of the free open air, which 
is rendered wholeſome by the agitation of 
winds: thus, what we call a cloſe warm 
air, ſuch as has been long confined in a room, 
without having the vapours in i: carried off 
by communicating with the open air, is apt 
to give us more or leſs uncatineſs, in pro- 
portion to the quantity of vapours which 
are floating in jt, For which reaſon the 
German ſtoves, which heat the air in a 100m 
without a free admittance of freſh air to 
carry oft the vapours that are railed, as alio 
the modern invention to convey heated air 
into rooms through hot flucs, ſeem not ſo 
well contrived, to favour a free reſpiration, 
as our common method of tres in open 
chimneys, which fires ate continually car- 
rying a large ſtream of heated air out of the 
rooms up the chimney, which fiream mul: 
neceſſarily be ſuppiicd with equal quantities 


* 
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of freſh air, through the doors and windows, 
or the cranics of them. 

And thus many of thoſe who have weak 
lungs, but can breathe well enough in the 
freſh country air, are greatly incommoded 
in their breathing, when they come into 
large cities, where the air is full of fuligi- 
nous vapours, ariſing from innumerable coal 
fires, and ſtenches from filthy lay-ſtalls and 
ſewers: and even the moſt robuſt and heal- 


thy, in changing from a city to a country 


air, find an exhilarating pleaſure, ariſing from 
a more free and kindly inſpiration, whereby 
the lungs being leſs loaded with condenſing 
air and vapours, and thereby the veſicles 
more dilated, with a clearer and more ela- 
ſtick air, a freer courſe is thereby given to 
the blood, and probably a purer air mixed 
with it; and this is one reaſon why in the 
country a ſerene dry conſtitution of the air 
is more exhilarating than a moiſt thick air. 

And for the ſame reaſon, it is no wonder, 
that peſtilential and other noxious epidemi- 
cal infections are conveyed by the breath to 
the blood (when we conſider what a great 
quantity of the airy vehicle loſes its elaſti- 
city among the veſicles, whereby the infec- 
tious 772/ma is lodged in the lungs). 


When 
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When I reflect on the great quantities of 
elaſtick air, which are deſtroyed by ſulphu- 


reous fumes; it ſeems to me not improba- 


ble, that when an animal is killed by light- 
ning without any viſible wound, or imme- 
diate ſtroke, that it may be done by the air's 
elaſticity, being inſtantly deſtroyed by the 
ſulphureous lightning near the animal; 
whereby the lungs will fall flat, and cauſe 
ſudden death; which is ſurther confirmed 
by the flatneſs of the lungs of animals thus 
killed by lightning, their veſicles being found 
upon diſſection to be fallen flat, and to have 
no air in them: the burſting alſo of glats- 
windows outwards, ſeems to be from the 
ſame effect of lightning on the air's elaſti- 
city. 

It is likewiſe by deſtroying the air's claſti- 
City in fermented liquors, that lightning ren- 
ders them flat and vapid : for ſince ſulphu— 
reous ſteams held near or under veſſels will 
check redundant fermentation, as well as the 
putting of ſulphureous mixtures into the li- 
quor, it is plain, thoſe {teams can eaſily pe- 
netrate the wood of the containing veſſels. 


No wonder then, that the more ſubtile 


lightnings ſhould have the like effects. I 
8 3 know 
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know not whether the common practice of 
laying a bar of iron on a vef\.!, be a good 
preſervative agaiuſt the ill effect of lightning 
on liquors. I ſhould think, that the cover- 
ing a veſſel with a large cloth dipped in a 
ſtrong brine, would be a better pte ſervative; 
for ſalts are known to be ſtrong attracters of 
ſulphur. 

The certain death which comes on the 
exploſion of mines, ſeems to be effected in 
the ſame manner : for though at firſt there 
is a great expanſion of e air, which muſt 
dilate the lungs, vet that air is no ſooner 
filled with fuliginous vapours, but a good 
deal of its claſlicity is immediately deſtroyed : 
as in the caſe of burning matches in Expe- 
riment 102, the heat of the flame at firſt 
expandcd ihe air; but notwithſtanding the 
flame continued burning, it immediately con- 
trated, and loſt much of its elaſticity, as 
ſoon as ſome quantity of ſulphureous ſteams 
aſc:nded in it. 

Which ſteams have doubtleſs the ſame 
effect on the air, in the lungs of animals held 
over them, as in the gro!79 di cant, or when 
a cloſe room is filled with them, where they 
certainly ſuffocate. 


I. 
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It is found by Experiments 103, 106, and 
107, that an air greatly charged with vapours 
loſes much of its elaſticity, which is the rea- 
ſon why ſubterranecus damps ſuffocate ani- 
mals, and extinguiſh the flame of candles. 
And by Experiment 106, we ſee that the 
ſooner a candle goes oat, the faſter the air 
loſes its elaſticity, 
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This put me upon attempting to find ſome 
means to qualify and rebate the deadly noxi- 
ous quaiity of theſe vapours: and in order 
to it, I put thro' the holc, in the top of the 
air-pump receiver, (Fig. 32.) which contained 
two quarts, one leg of an iron ſyphon made 
of a gun-barrel, which reached near to the 
bottom of the receiver : it was cemented fail 
at z. I tied three folds of woollen cloth over 
the orifice of the ſyphon, which was in the 
receiver. The candle went out in leſs than 
two minutes, tho' I continued pumping all 
the while, and the air paſſed fo freely thro' 
the folds of cloth into the recciver, that the 
mercury in the gage did not rife above an 
inch, 

When I put the other end of the ſyphon 
into a hot iron pot, with burning 4/17/08 

84 in 
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in it; upon pumping, the candle went out 
in 15 ſeconds of a minute; but when I took 
away the three folds of cloth, and drew the 
ſulphureous ſteams thro' the open ſyphon, 
the light of the candle was inſtantly extin- 
guiſhed ; whence we ſee the 3 folds of cloth 
pr: ſerved the candle alight 157, And where 
the deadly quality of vapours in mines is not 
ſo ſtrong as theſe ſulphureous ones were, the 
drawing the breath through many folds of 
woollen cloth may be a means to preſerve lite 
a little longer, in proportion to the more or 
leſs noxious quality of the damps. 

When, inſtead of the three folds of cloth, I 
immerſed the end of the ſyphon three inches 
deep in water in the veſſel x, (Fig. 32.) tho' 
upon pumping the ſulphureous fumes did 
aſcend viſibly through the water, yet the 
candle continued burning half a minute, 1. e. 
double the time that it did when fumes paſſed 
through folds of woollen cloth, 


EXPERIMENT CXVI. 


I bored a hole in the ſide of a large wooden 
ſoſſet a b, (Fig. 30.) and glewed into it the 
great end of another foſſet i i, covering the 
orifice with a bladder valve r: then I fit- 
ted a valve 6 z, to the orifice of the iron 


ſyphon 
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ſyphon & 5, fixing the end of the ſyphon faſt 
zt 6 into the foſſet a .: then by means of 
narrow hoops I placed four diaphragms of 
flannel at half an inch diſtance from each 
other, into the broad rim of a fieve, which 
was about ſeven inches diameter. The fieve 
was fixed to, and had a free communication 
with, both orifices of the ſyphon, by means 
of two large bladders zz 7 7 0. 

Linen * probably be more proper to 
make theſe diapbragms of than flannel, be- 
cauſe oil or greaſe is uſed in the making of 
flannel; and as I have heard, is whitened 
by the fumes of burning brimſtone ; which 
I was not aware of, when I made uſe of flan- 
nel in theſe experiments. 

The inſtrument being thus prepared, 
pinching my noſtrils cloſe, when I drew in 
breath with my mouth at @, the valve 7 6 
being thereby lifted up, the air paſſed freely 
through the ſyphon from the bladders, 
which then ſubſided, and ſhrunk conſider- 
ably: but when I breathed air out of my 
lungs, then the valve 27 5 clcſing the orifice 
of the ſyphon, the air paſſed thro' the valve 
into the bladders, and thereby dilated them; 
by which artifice the air which I expired 


muſt neceſſarily paſs through all the dia- 


phragms, 
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pbrag ms, before it could be inſpired into my 
lungs again, The whole capacity of the 
bladders and ſyphon was 4 or 5 quarts, 
Common ſea-falt and ſal tartar, being 
ſtrong imbibers of ſulphureous ſteams, I 
dipped the four draphragms in ſtrong ſolu- 
tions of thoſe ſalts, as alſo in white-wine vi- 


negar, which is looked upon as a good anti- 


peſtilential: taking care aſter each of theſe 


experiments to cleanſe the ſyphon and bladder 
well from the foul air, by filling them with 
water. 

I could breathe to and fro the air incloſed 
in this inſtrument for a minute and half, when 
there were no diagbragms in it; when the 
four diaphragiis were dipped in vinegar, three 
minutes : when dipped in a ſtrong ſolution 
of ſea-ſalt, three minutes and an half. In a 
lixivium of fal tartar, three minutes; when 
the diapbragms were dipped in the like 
lixivium, and then well dried, five minutes; 
and once 8+; minutes, with very highly 
calcined ſal tartar; but whether this was 
owing to the tartar's being greatly calcined, 
whereby it might more {ſtrongly attract 


ſulphureous groſs vapours, or whether it was 


owing to the bladder and ſyphon's being 
entirely dry, or whether it was occaſioned 


by 
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by ſome unheeded paſſage for the air through 


the ligatures, I am uncertain ; neither did I 
care to aſcertain the matter by repeated ex pe- 
riments, fearing I might thereby ſome way 
injure my lungs, by frequently breathing in 
ſuch groſs vapours. 

Hence ſal tartar ſhould be the beſt pre- 
ſervative againſt noxious vapours, as being a 
very ſtrong imbiber of ſulphureoue, acid and 
watry vapours, as is ſea-ſalt alſo: for having 
carefully weighed the four diaphrag us before 
I fixed them in the inſtrument, I found that 
they had increaſed in weight 30 grains in five 
minutes; and it was the fame in two differ- 
ent trials; fo they increaſed in weight at the 
rate of 19 ounces in 24 hours. From which 
decucting +4 part of the quantity of moiſture, 
which I found thoſe draphragms attracted in 
5 minutes in the open air ; there remain 15 
—+*. ounces, for the weight of the moiſture 
from the breath in 24 hours: but this 1s pro- 
bably too great an allowance, conſidering 
that the iaphragms might attract more than 
part from the moiſture of the bladders and 
of the ſyphon. Sce Exper. 6 Vol. II. Appen. 
bp. 323. 

I have found, that when the diaphragm 
had ſome ſmall degree of dampneſs, they 

in- 
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increaſed in weight fix grains in 3 minutes 
but they made no increaſe in weight in the 
ſame time when in the open air ; which fix 
grains in three minutes is at the rate of about 
6+: ounces in 24 hours; and this is nearly 
the ſame proportion of moiſture that I ob- 
tained by breathing into a large receiver full 
of ſpunges. But the fix grains imbibed by 
the four diapbragms in three minutes, was 
not near all the vapours which were in that 
bulk of incloſed air; for at the end of the 
three minutes, the often reſpired air was ſo 
loaded with vapours, which in that floating 
ſtate were eaſily, by their mutual attraction, 
formed into combinations of particles, too 
groſs to enter the minute veſicles of the 
lungs, and was therefore unfit for reſpira- 
tion; ſo that it is not eaſy to determine what 
proportion is carried off by reſpiration, eſpe- 
cially conſidering that ſome of the inſpired 
air, which has loſt its elaſticity jn the lungs, 
is mingled with it. But ſuppoſing 6++ 
ounces to be the quantity of moiſture carried 
off by reſpiration in twenty-four hours, then 
the ſurface of the lungs being found, as 
above, 41635 ſquare inches, only r part 
of an inch depth will be evaporated off 
their inward ſurface in that time, which 

is 
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is but , part of the depth of what is per- 
ſpired off the ſurface of a man's body 1n that 
time. | 
If then life can by this means be ſupported 
for five minutes with four diaphragms and a 
gallon of air, then doubtleſs, with double that 
quantity of air and eight diaphragms, we 
might well expect to live at leaſt ten minutes. 
It was a conſiderable diſadvantage, that I was 
obliged to make uſe of bladders, which had 
been often wetted and dried, ſo that the un- 
ſavoury fumes from them muſt needs have 
contributed much to the unfitting the inchaded 
air for reſpiration: yet there is a neceſſity 
for making uſe of either bladder or leather in 
theſe caſes; for we cannot breathe to and 
fro the air of a veſſel, whoſe ſides will not 
dilate and contract in conformity with the 
expirations and inſpirations, unleſs the veſlcl 
be very large, and too big to be conveniently 
portable. 8 
Having ſtopped up the wide ſucking ori- 
fice of a large pair of kitchen bellows, they 
being firſt dilated, I could breathe to and fro 
at their noſe, the air contained in them for 
more than three minutes, w:thout much in- 
convenience, they leaving and falling very 
ealily by the action of reſpiration, Some 
ſuch- 
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ſuch- like inſtrument might be of uſe in any 
caſe, where a room was filled with ſuffocat- 
ing vapours, where it might be neceſſary to 
enter for a few minutes, in order to remove 
the cauſe of them, or to fetch any perſon or 
thing out; as in the caſe when houſes are 
firſt beginning to fire, in the chymiſts ela- 
boratories; and in many other caſes, where 
places were filled with noxious deadly va- 
pours, as in the cafe of ſtink-pots thrown 
into ſhips, in mines, &c. And might it not 
allo be ſerviceable to divers? 

But in every apparatus of this kind great 
care mult always be taken, that the inſpira- 
tion be as free as poſſible, by making large 
paſſages and valves to play moft eaſily. For 
tho' a man by a peculiar action of his mouth 
and tongue may ſuck mercury 22 inches, 
and ſome men 27 or 28 high; yet 1 have 
found by experience, that by the bare inſpi- 
ring action of the diaphragm, and dilating 
thorax, I could ſcarcely raiſe the mercury 
two inches. At which time the diaphragm 
muſt a& with a force equal to the weight of 
a cylinder of mercury, whole baſe is com- 


menſurate to the arca of the diaphragm, and 


its height two inches, whereby the dia- 
phragm muſt at that time ſuſtain a weight 
equal 
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equal to many pounds, Neither are its 
counter- acting muſcles, thoſe of the abdomen, 
able to exert a greater force. 

For notwithſtanding a man, by ſtrongly 
compreſſing a quantity of air included in his 
mouth, may raiſe a column of mercury in 
an inverted ſyphon, to five or ſeven inches 
height, yet he cannot, with his utmoſt ftrain- 
ings, raiſe it above two inches, by the con- 
tracting force of the muſcles of the abdomen ; 
whence we ſee that our loudeſt vociferations 
are made with a force of air no greater than 
this. So that any ſmall impediment in breath- 
ing will haften the ſuffocation, which con- 
fiſts chiefly in the falling flat of the lungs, 
occaſioned by the groſſneſs of the particles 
of a thick noxious air, they being in that 
floating ſtate moſt eaſily attracted by each 
other: as we find in the foregoing experi- 
ments that ſulphur and the elaſtick repelling 
particles of air do: and conſequently unelaſ- 
tick, ſulphureous, ſaline, and other floating 
particles will moſt eaſily coaleſce ; whereby 
they are rendered too groſs to enter the mi- 
nute veſicles; which are alſo much con- 
tracted, as well by the loſs of the elaſticity 
of the contained air, as by the contraction 
occahoned by the ſtimulating, acid, ſulphu- 

2 rcon 
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reous vapours. And it is not improbable, 
that one great defign of nature, in the ſtruc- 
ture of this important and wonderful vi/cus; 
was to frame its veſicles ſo very minute, 
thereby effectually to hinder the ingreſs of 
groſs feculent particles, which might be inju- 
rious to the animal economy. 

This quality of falts ſtrongly to attract ſul- 
phureous, acid, and other noxious particles, 
might make them very beneficial to man- 
kind in many other reſpects. Thus in ſeve- 
ral unwholeſome trades, as the ſmelters of 
metals, the ceruſs-makers, the plumbers, &c. 
it might not unlikely be of good ſervice to 
them, in preſerving them, in ſome meaſurc 
at leaſt, from the noxious fumes of the ma- 
terials they deal in, which by many of the 
foregoing experiments we are aſſured muſt 
needs coaleſce with the elaſtick air in the 
lungs, and be lodged there; to prevent which 
inconvenience the workmen might, while 
they are at work, make uſe of pretty broad 
mufflers, filled with two, four, or more 
diaphragms of flannel or cloth dipped in a 
ſolution of ſal tartar or pot-aſb, or ſea- ſalt, 
and then dried. 

The like mufflers might alſo be of ſervice 
in many caſes where perſons may have urgent 

occation 
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-vceafion to go for a ſhort time into an infec. 
tious air: which mufflers might, by an eaſy 
contrivance, be ſo made as to draw in breath 
thro' the diaphragms, and to breath it out by 
another vent. | 

'In theſe and the like caſes this kind of 
mufflers may be very ſerviceable ; but in the 
caſe of the damps of mines they are by no 
means to be depended on, becauſe they are not 
a ſufficient ſcreen from ſo very noxious vas 


pours. 
ExPERIMENT CX VII. 


We have from the following experiment 
a good hint, to make theſe ſalts of ſervice to 
us in ſome other reſpects, &c. 

I ſet a lighted candle under a large receiver 
(Fig. 35) which contained about four gal- 
lons; it continued burning for 34++ mi- 
nutes, in which time it had abſorbed about 
a quart of air. I then filled the receiver 
with freſh air, by pouring it full of water, 
and then emptying of it; when having wiped 
it dry, I lined all the inſide with a piece of 
flannel dipped in a lixivium of / tartar, and 
then dried; the flannel was extended with 
little hoops made of pliant twigs. The 

SY candle 
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candle continued burning under the receiver 
thus prepared 3+; minutes; yet it abſorbed 
but two thirds of the quantity of air which 
it abſorbed when there was no flannel in the 
receiver. 

The reaſon of which difference in the 
quantities of elaſtick air abſorbed, appears from 
Exper. 106, where leaſt air was always ab- 
ſorbed in leaſt receivers, which was the pre- 
ſent caſe: for the flannel lining, beſides the 
ſpace it took up, could not be ſo cloſely 
adapted, but that there was left a full third of 
the capacity of the receiver, between the li- 
ning and the receiver: ſo that the candle 
burnt in a bulk of air leſs by one third than 
the whole capacity of the receiver; for which 
reaſon leſs air alſo was abſorbed. 

And we may further obſerve, that fince the 
candle continued burning as long in a quantity 
of air, equal but to two thirds of the recci- 
ver, as in the whole air of the receiver ; 
this muſt be owing to the ſal tartar in the 
flanncl lining, which muſt needs have ab- 
ſorbed one third of the fuliginous vapours, 
which aroſe from the burning candle. Hence 
we may not unreaſonably conclude, that the 
pernicious quality of noxious vapours in the 
air might, in many caſes, be much rebated 

and 
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and qualified by the ſtrongly abſorbing power 
of ſalts. 

Whether ſalts will have a good effect in all, 
or any of theſe caſes, experience will beſt in- 
form us. There is certainly ſufficient ground, 
from many of the foregoing experiments, to 
encourage us to make the trial, and they may 
at leaſt be hints for further improvements. 

We ſee that candles and burning brimſtone 
do in a much greater degree deſtroy the ela- 
ſticity of the air, than the breath of animals; 
becauſe their vapours are more plentiful, and 
abound more with acid ſulphureous particles, 
and are alſo leſs diluted with watry vapours, 
than the breath of animals is: in which alſo 
there are ſulphureous particles, tho' in leſſer 
degrees; for the animal fluids, as well as ſo- 
lids, are ſtored with them: and therefore the 
candle and matches ceaſing to burn, ſoon after 
they are confined in a ſmall quantity of air, 
ſeems not to be owing to their having ren- 
dered that air effete, by having conſumed its 
vivifying ſpirit; but ſhould rather be owing 


to the great quantity of acid fuliginous vapours, 


with which that air is charged, which deſtroy 
a good deal of its elaſticity, and very much 
clog and retard the elaſtick motion of the re- 


mainder. 
of: And 
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And the effect the half exhauſting of a 


receiver has upon the elaſticity of the remain- 
ing half of the air, ſeems to be the reaſon 
why the flame of a candle does not con- 
tinue burning, till it has filled the receiver 
it ſtands in with fumes; but goes out the 
quicker, the ſooner the air is drawn out to 
that degree; which ſeems therefore to be 
owing to this, that an air rarefied to double 
its ſpace will not expand ſo briſkly with the 
warmth of flame, as a more condenſed air 
will do: and conſequently action and re- 
| action being reciprocal, will not give ſo 
briſk a motion to the flame, which ſub- 
fiſts by a conſtant ſucceſſion of freſh air, to 
ſupply the place of the either abſorbed, or 
| much dilated air, which is continually flying 
i off. And the quicker the ſucceſſion of this 
| freſh air is, by blowing, the more vigorouſly 
docs a fire burn. 

It the continuance of the burning of the 
candle be wholly owing to the wivifying 
ſpirit, then ſuppoſing in the caſe of a re- 
ceiver, capacious enough for a candle to burn 
a minute in it, that half the viv/fy:ing ſpirit 
be drawn out with half the air, in ten ſeconds 
of time ; then the candle would not go out 
at the end of thoſe ten ſeconds, but burn 

| twenty 
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twenty ſeconds more, which it does not; 
therefore the burning of the candle is not 
wholly owing to the vivify:ng ſpirit, but to 
certain degrees of the air's elaſticity, When 
a wholly exhauſted receiver was by means of 
a burning-glaſs firſt filled with the fumes of 
brown paper with nitre, and then filled 
with freſh air, the nitrous paper, upon ap- 
plying the burning-glaſs, did freely detonize 3 
and a candle put into a like air, burnt for 28” ; 
which in a freſh air, in the ſame receiver, 
burnt for 43 ; but when the ſame receiver, 
with air 1n i was filled full of fumes of 
detonized nitre, and a candle placed in that 
thick vapour, it went out inſtantly ; for a 
candle will not burn, nor the zitre detonize 
in a very rare, nor a very thick air; whence 
the reaſon why the :7re detonized, and the 
candle burnt, when placed in the receiver, 
after freſh air was let in upon! the fumes 
which were made 77 vacuo, was, that thoſe 
fumes were much diſperſed and condenſed on 
the ſides of the glaſs, upon the ruſhing in of 
the freſh air; for the fumes were then much 
more rare and tranſparent, than before the air 

was let in. 
That a fire which is applied with a hot 
air will not burn fo briſkly as a fire which 
1 | 1s 
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is fed by a cool air, is evident from hence; 
that when the ſun ſhines on a fire, and there- 
by too much rarefies the ambient air, that 
fire will not burn well; nor will a ſmall fire 
burn ſo well near a large one, as at ſome 
diſtance from it. And e contra, it is a 
common obſervation, that in very cold froſty 
weather, fires burn moſt briſkly ; the rea- 
ſon of which ſeems to be this, that the elaſ- 
tick expanſion of the cold condenſed air to a 
rarefied ſtate, when it enters the fire, is 
much briſker than that of an air already 
rarefied in a good meaſure by heat, before it 
enters the fire; and conſequently a continued 
ſucceſſion of cold air muſt give a briſker mo- 
tion to the fire, than the like ſucceſſion of 
hot air : and ſuch colder and more conden- 
ſed air will alſo (as Sir Iſaac Newton ob- 
ſerves qu. 11) by its greater weight check the 
aſcent of the vapours and exhalations of the 
fire, more than a warmer lighter air. 80 
that between the action and re-action of the 
air and ſulphur of the fuel, and of the colder 
and denſer circumambient air, which ra- 
reſies much upon entering the fire, the heat 
of the fire is greatly increaſed, See Vol. II. 


5. 329. 


This 
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This continual ſupply of freſh air to the 
fuel, ſeems hence alſo very neceſſary for 
keeping a fire alive; becauſe it is found, 
that a brimſ/tone match will not take fire in 
a vacuum, but only boil and ſmoke; nor will 
nitre incorporated into brown paper then 
detonize, except here and there a fingle 
grain, that part only of the paper turning 
black, on which the focus of the burning- 
glaſs falls; nor would they bura when a 
half-exhauſted receiver with fumes in it was 
filled with freſh air added to thoſe fumes : 
in which caſe. it is plain, that a good quantity 
of the ſuppoſed viviſying ſpirit of air mult 
enter the receiver with the freſh air, and con- 
ſequently thoſe ſubſtances ſhould take fire, 
and burn for a ſhort time at leaſt, which yet 
they did not. 

And that the air's elaſticity conduces much 
to the intenſe burning of fires, ſeems evident 
from hence; that ſpirit of nitre (which, by 
Exper. 75, has but little elaſtick air in it) 
when poured upon live coals, extinguiſhes in- 
ſtead of invigorating them: but /pirit of nitre, 
when by being mixt with / tartar it is 
reduced to nitre, will then flame, when 
thrown into the fire, vi. becauſe ſal tartar 
abounds with claſtick acreal particles, as ap- 
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Pp ; CATS by Experiment 74, where 224 timey 
its bulk of air aroſe from a quantity of ſal 
tartar. And for the ſame reaſon it is that 
common nitre, when thrown into the fire, 
flames, though its ſþ:ri7 will not, vz. be- 
cauſe there is much elaſtick air in it, as ap- 
pears from Exper. 72, as well as from the 
great quantity of it, generated in the firing of 
gun. poꝛoder. 

The reaſon why ſal tartar, when thrown 
on live coals, does not detonize and flame like 
nitre, (notwithſtanding, by Experiment [74, 
plenty of elaſtick particles did ariſe from it) 
is this, vig. becauſe by the ſame experiment, 
compared with Experiment 72, it is found, 
that a much more intenſe degree of heat 
was required to extricate the elaſtick air 
from /al tartar, the more fixed body, than 
from mtre; the great degree of fire with 
which ſal tartar is made, rendering the 
coheſion of its parts more firm: for it is 
well known that fire, inſtead of diſuniting, 
does in many caſes inſeparably unite the parts 
of bodies: and hence it is that pulvis fulmi- 
nans, which is a - mixture of ſal tartar, 
mire and ſulphur, gives a greater exploſion 
than gun-powder : becauſe the particles of 
the el tartar cohering more firmly in a 

fixed 
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fixed ſtate than thoſe of nitre, they are there · 


fore thrown off with a greater repulſive force, 
by the united action and re- action of all thoſe 
ingredients armed each with its acid ſpirit. 


EXPERIMENT CXVIII. 


Which acid ſpbirits, conſiſting of a volatile 
acid /t diluted in phlegm, do contribute 
much to the force of exploſion; for when 
heated to a certain degree, they make a great 
exploſion, like water heated to the ſame de- 
gree, as J found by dropping a few drops of 
ſpirit of nitre, oil of witriol, water, and 
ſpittle, on an arv//; and then holding over 
thoſe drops a piece of iron, which had a 
white heat given it; upon ſtriking down the 
hot iron with a large hammer, there was a 
very great exploſion made by each of thoſe 
liquors : but frothy ſpittle, which had air in 
it, made a louder exploſion than water; which 
ſhews that the vaſt exploſion of the nz7re and 
ſal tartar, which are compoſed of elaſtick 
air-particles, included in an acid ſprrzt, is 
owing to their united force. 

We may therefore, from what has been 


ſaid, with good reaſon conclude, that fire is 


chiefly invigorated by the action and re- action 
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of the acid ſulphureous particles of the fuel, 
and the elaſtick ones, which ariſe and enter 
the fire, either from the fuel in which they 
abound, or from the circumambient air: for 
by Experiment 103, and many others, acid 
ſulphureous particles act vigorouſly on air; 
and fince action and re- action are reciprocal, 
ſo muſt air on ſulphur ; and there is, we ſee, 
plenty of both, as well in mineral as vege- 
table fuel, as alſo in animal ſubſtances, for 
which reaſon they will burn, 

But when the acid ſulphur, which we ſee 
acts vigorouſly on air, is taken out of any 
fuel, the remaining ſat, water and earth, are 
not. inflammable, but, on the contrary, quench 
and retard fire; and as air cannot produce 
fire without ſulphur, ſo neither can ſulphur 
burn without air; thus charcoal heated to 
an intenſe degree for many hours in a cloſe 
veſſel, will not burn as in the open air; it 
will only be red-hot all the time, like a maſs 
of gold, without waſting : but no ſooner is 
it expoſed to the free air, but the ſulphur, 
by the violent action and re- action between 
that and the elaſtick air, is ſoon ſeparated and 
carried off from the ſalt and earth, which 


are thereby reduced from a ſolid and hard, to 
a ſoft impalpable calx. 


And 
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And when a brimſtone match, which was 
placed in an exhauſted receiver, was heated 
by the focus of a burning-glaſs ſo as to melt 
the brim/?one, yet it did not kindle into fire, 
nor conſume, notwithitanding the ſtrength 
and vigour of the action and re- action that is 
obſerved between light and ſulphureous bo- 
bies. Which is aſſigned by the illuſtrious Sir 
Iſaac Newton, as, one reaſon why ſulphu- 
f* reous bodies take fire mare readily, and 
* burn more vehemently than other bodies 
* do, Qu. 7.” What his notion of fire and 
flame is, he gives us in Qu. 9, and 10. Qu. . 


* Is not fire a body heated ſo hot as to emit 


© light copiouſly ? For what elſe is a red-hot 
ic iron than fire? And what elſe is a burn- 
« ing coal, than red-hot wood? Qu. 10. 
« Is not flame a vapour, fume or exhalation, 
« heated red-hot, that is, ſo hot as to flame? 
« for bodies do not flame without emitting 
* a copious fume, and this fume burns in 
© the flame.- Some bodies heated by 
% motion or fermentation, if the heat grow 
« intenſe, fume copiouſly ; and if the heat be 
t great enough, the fumes will ſhine, and 
* become flame: metals in fuſion do not 
* flame for want of a copious fume, except 
% ſpelter, which fumes copiouſly, and there- 


— by 


. 
C—__ 
— a 


— 


— Y 


* l 2 Y 
—- : —_— 


4 -— © he 
- > =, 
FS — 
m CY — 


— eu 
pany” - N 
2 2 

— - 

— 

* 2 


— — — 4-9 rr 
_ -- 
— - 


5 


ASS Sono 44 IO mn So © SR 
= 


284 ANALYSIS or Tur AIR. 


by flames: all flaming bodies, as oil, tal- 
low, wax, wood, foſſil, coals, pitch, ſul- 
phur, by flaming waſte and vaniſh into 
burning ſmoak ; which ſmoak, if the flame 
be put out, is very thick and viſible, and 
ſometimes ſmells ſtrongly, but in flame 
loſes its ſmell by burning; and according 
to the nature of the ſmoak the flame is 
of ſeveral colours, as that of ſulphur, blue; 
that of copper opened with ſublimate, 
green; that of tallow, yellow ; that of 
camphire, white; ſmoak paſſing thro' flame 
cannot but grow red hot; and red-hot 


ſmoak can have no other Ronan than 
that of flame.” 


But Mr. Lemery the younger ſays, © That 


the matter of light produces ſulphur, being 


mixt with compoſitions of ſalt, earth, and 


water, and that all inflammable matters are 
ſuch only in virtue of the particles of fire 
which they contain. For in the analyſis, 


ſuch inflammable bodies produce ſalt, earth, 
water, and a certain ſubtle matter, which 
paſſes thro” the cloſeſt veſſels; ſo that what 
pains ſocver the artiſt uſes, not to loſe any 
thing, he ſtill finds a conſiderable diminu- 

tion of weight, rp 


Now 
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*© Now theſe principles of ſalt, earth, and 


water, are inactive bodies, and of no uſe, 
in the compoſition of inflammable bodies, 
but to detain and arreſt the particles of fire, 
which are the real and only matter of 
flame, 

«« It appears therefore to be the matter of 
« flame that the artiſt loſes in decompound- 
« ing inflammable bodies, Mem, de Acad. 
« anno 1713. 

But by many of the preceding experiments 
it is evident, that the matter loſt in the ana- 
lyſis of theſe bodies was claſtick air, a very 
active principle in fire, but not an elemental 
fire, as he ſuppoſes. 

« Mr. Geoffrey compounded ſulphur of 
* acid falt, bitumen, a little earth, and i of 
« tartar.” Mem. de F Acad. anno 1503. In 
which i of 7artar there is much air by Ex- 
per. 74, which air was doubtleſs by its elaſti- 
City very inſtrumental in the inflammability of 
this artificial ſulphur, 

If fire was a particular diſtin kind af bo- 
dy inherent in ſulphur, as Mr. Homberg, Mr. 
Lemery, and ſome others imagine, then ſuch 
ſulphureous bodies, when ignited, would ra- 
refy and dilate all the circumambient air; 
whereas it is found by many of the preceding 


experi- 
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experiments, that acid ſulpbureous fuel con- 
ſtantly attracts and condenſes a conſiderable 
part of the circumambient elaſtick air; an 
argument, that there is no fire endued with 
peculiar properties inherent in ſulphur ; and 
alſo, that the heat of fire conſiſts principally in 
the briſk vibrating action and re- action, be- 
tween the elaſtick repelling air, and the 
ſtrongly attracting acid ſulphur, which ſulphur 
in its analyſis is found to contain an inflam- 
mable oil, and acid ſalt, a very fixed earth, 
and a little metal. 

Now ſulphur and air are ſuppoſed to be 
acted by that ethereal medium, by which 
(the great Sir Iſaac Newton ſuppoſes) 
© light is refracted and reflected, and by 
*© whoſe vibrations light communicates to 
e bodies, and is put into fits of eaſy reflec- 
tion, and eaſy tranſmiſſion: and do not 
„ the vibrations of this medium in hot 
& bodies contribute to the interſeneſs and 
© duration of their heat? and do not hot 
* bodies communicate their heat to conti- 
* guous cold ones, by the vibrations of this 
© medium, propagated from them into cold 
% ones? and is not this medium exceedingly 
e more rare and ſubtle than the air, and 
* exceedingly more elaſtick and active? and 

«> does 
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« does it not readily pervade all bodies, 
« Optic. qu. 18. The elaſtick force of this 
«© medium, in proportion to its denfity, muſt 
*© be above 490, ooo, ooo, ooo times greater 
& than the elaſtick force of the air is, in 
«« proportion to its denſity, ibid. qu. 2 1. A 
force ſufficient to give an intenſe degree of 
heat, eſpecially when its elaſticity is much 
increaſed by the briſk action and re- action 

of particles of the fuel and ambient air, 
From this manifeſt attraction, action and 
re- action, there is between the acid, ſulphu- 
reous and elaſtick aereal particles, we may not 
unreaſonably conclude, that what we call 
the fire- particles in lime, and ſeveral other 
bodies, which have undergone the fire, 
are the ſulphureous and elaſtick particles of 
the fire fixed in the lime; which particles, 
while the lime was hot, were in a very ac- 
tive, attracting and repelling ſtate; and be- 
ing, as the lime cooled, detained in the ſolid 
body of the lime, at the ſeveral attrac- 
ting and repelling diſtances they then happen- 
ed to be at, they muſt neceſſarily continue in 
that fixed ſtate, notwithſtanding the ethe- 
real medium, which is ſuppoſed freely to 
pervade all bodies, be continually ſolliciting 
them to action; but when the ſolid ſub- 
? 4 _ - ſtance 
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ſtance of the lime is diſſolved, by the affus 
ſion of ſome liquid, being thereby emanci- 
pated, they are again at liberty to be influ- 
enced and agitated by each other's attraction 
and repulſion; upon which a violent ebulli- 
tion enſues, from the action and re- action 
of theſe particles; which ebullition ceaſes 
not, till one part of the elaſtick particles 
are ſubdued and fixed by the ſtrong attraction 
of the ſulphur, and the other part is got 
beyond the ſphere of its attraction, and 
thereby thrown off into true permanent air : 
and that this is a probable ſolution of the 
matter, there is good reaſon to conclude, 
from the frequent inſtances we have in many 
of the foregoing experiments, that plenty of 
elaſtick air is at the ſame time both gene- 
rated and abſorbed by the ſame fermenting 
mixture; ſome of which were obſerved 
to generate more air than they abſorbed, 
and others, e contra, abſorbed more than 
they generated, which was the caſe of 


lime. 


EXPERIMENT CXIX. 


And that the ſulphureous and aereal par- 


ticles of the fire are lodged in many of thoſe 
bodies 
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bodies which it acts upon, and thereby con- 
ſiderably augments their weight, is very evi- 
dent in minium or red lead, which is ob- 
ſerved to increaſe in weight about , part in 
undergoing the action of the fire; the ac. 
quired redneſs of the minium, indicating the 
addition of plenty of ſulphur in the operation : 
for ſulphur, as it is found to act moſt vigour. 
ouſly on light, ſo it is apt to reflect the ſtrong- 
eſt, dig. the red rays. And that there is 
good ſtore of air added to the minium, I 
found by diſtilling firſt 19 2 2 grains of lead, 
from whence I obtained only ſeven cubick 
inches of air; but from 1922 grains which 
was a Cubick inch of red lead, there aroſe 
in the like ſpace of time thirty-four cubick 
inches of air; a great part of which air was 
doubtleſs abſorbed by the ſulphureous par- 
ticles of the fuel, in the reverberatory turnace, 
in which the minium was made; for by Ex- 
per. 106, the more the fumes of a fire are 
confined, the greater quantity of elaſtick air 
they abſorb. 

It was therefore doubtleſs this quantity of 
air in minium, which burit the hermetically 
ſealed glaſſes of the excellent Mr Boyle, 
when he heated the minium contained in 
them by a burning-glats ; but the pious and 

J learned 
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learned Dr. Nieuwentyt attributes this effect 


wholly to the expanſion of the fire- particles 
lodged in the minium, © he ſuppoſing fire 
© to be a particular fluid matter, which 
© maintains its own eſſence and figure, re- 
“ maining always fire, though not always 
« burning.” Religious Philoſopher, p. 310. 
To the ſame cauſe alſo, excluſive of the 
air, he attributes the vaſt expanſion of a 
mixture of compound aqua: fortis and oil of 
carraways, Whereas by Exper, 62, there 
is a great quantity of air in all cis. And by 
pouring ſome compound aqua-fortis on oil of 
cloves, the mixture expanded into a ſpace 
equal to 720 times the bulk of the ci, that 
part of the expanſion which was owing to the 
watry part of the ci and ſpirit, was ſoon 
contracted; whereas the other part of the 
expanſion, which was owing to the elaſtick 


air of the coil, was not all contracted till the 


next day, by which time the ſulphureous 
fumes had reſorbed it. 
It has been the opinion of ſome, that pu- 
trefaction is the effect of inherent fire: that 
vegetables alone are the ſubject of fermen- 
tation, but both vegetables and animals of 
putrelaction ; which operations they attribute 
to very different cauſes. The immediate 
cauſe 


ANALYSIS or Tue AIR, 297 


cauſe of fermentation is (they ſay) the mo- 
tion of the air intercepted between the fluid 
and viſcous parts of the fermenting liquor ; 
but the cauſe of putrefaction they would 
have to be, fire itſelf collected or included 
within the putrefying ſubject, But I do not 
ſee why theſe may not reaſonably enough 
be looked upon as the effects of different 
degrees of fermentation ; nutrition being the 
genuine effect of that degree of it, in which 
the ſum of the attracting action of the par- 
ticles is much ſuperior to the ſum of their 
repulſive power : but when their repelling 
force far exceeds their attractive, then the 
component parts of vegetables are diſſolved, 
Which diſſolving ſubſtances, when they are 
diluted with much liquor, do not acquire 
a great heat in the diſſolution, the briſkneſs 
of the inteſtine motion being checked by the 
liquor; but when they are only moiſt, like 
green and damp hay, in a large heap, then 
they acquire a violent heat ſo as to ſcorch, 
burn, and flame; whereby the union of 
their conſtituent parts, being more thoroughly 
diſſolved, they will neither produce a vinous, 
nor an acid ſpirit: which great degree of 
ſolution may well be effected by this means, 
without the action of a fire, ſuppoſed to be 

9 in- 
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included within the putrefying ſubject. 
Wherefore, according to the old axiom, 
Entia non ſunt temere, neque abſque neceſſitate 
multiplicanda. 

If the notion of fermentation be reſtrain- 
ed to the greater repelling degrees of fermen- 
tation, in which ſenſe it has commonly been 
underſtood; then it is as certain, that the 
juices of vegetables and animals do not fer- 
ment in a healthy ſtate, as it is, that they do 
not at the ſame time coaleſce and diſunite : 
but if fermentation be taken 1n a larger ſenſe, 
for any the ſmalleſt to the greateſt degree 
of inteſtine motion of the particles of a fluid, 
then all vegetable and animal fluids are in a 
natural ſtate, in ſome degree of ferment; for 
they abound both with elaſtick and ſulphu- 
reous particles; and it may with as much 
reaſon be argued, that there is no degree of 
warmth in animals and vegetables, becauſe a 
great degres of heat will cauſe a ſolution of 
continuity, as to ſay, there is no degree of fer- 
ment in the fluids of thoſe bodies, becauſe a 
great repelling degree of ferment will moſt 
certainly diſſolve them. 

That illuſtrious philoſopher, Sir Iſaac 
Newton, in his thoughts about the nature 


of acids, gives this rational account of the 
nature 
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nature of fermentation. * The particles of 
&«& acids are endued with a great attrac- 
e tive force, in which force their activity 
5 confalts By this attractive force they 
get about the particles of bodies, whether 
te they be of a metallick or ſtony nature, 
* and adhere to moſt cloſely on all fides, ſo 
© that they can ſcarce be ſeparated from them 
« by diſtillation or ſublimation ; when they 
are attracted and gathered together about 
e the particles of bodies, they raiſe, disjoin, 
© and ſhake them one from another, that is, 
© they diflolve thoſe bodies, 

« By their attractive force alſo, by which 
* they ruſh towards the particles of bodies, 
e they move the fluid, and excite heat, and 
„ they ſhake aſunder ſome particles, ſo much 
« as to turn them into air, and generate 
* bubbles: and this is the reaſon of diſlulu- 
© tion, and all violent fermentation. Harris's 
« Lexicon Tech. Vol. II. Introduction.” | 

Thus we have from theſe experiments 
many manifeſt proofs of conſiderable quanti- 
ties of true permanent air, which are by 
means of fire and fermentation raiſed from, 
and abſorbed by animal], vegetable and mineral 
ſubſtances, 


U 3 That 
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That this air conſiſts of particles which 
are in a very active ſtate, repelling each 
other with force, and thereby conſtituting 
the ſame kind of elaſtick fluid with common 
air, is plain from its raiſing the mercury in 
Exper. 88 and 89, and from its continuing in 
that elaſtick ſtate for many months and years, 
tho' cooled by ſevere froſts; whereas watry 
vapours, tho' they expand much with heat, 
yet are found immediately to condenſe into 
their firſt dimenſions when cold. 

The air generated by fire was not, in many 
inſtances, ſeparated without great violence 
from the fixed bodies in which it was incor- 
porated ; as in the caſe of nitre, tartar, ſal 
tartar and copperas; whence it ſhould ſcem, 
that the air generated from theſe ſalts, may 
probably be very inſtrumental in the union 
of ſalts, as well as that central, denſer, and 
compacter particle of earth, which Sir Iſaac 
Newton obſerves, does by its attraction make 
the watry acid flow round it, for compoſing 
the particles of ſalt, Qu. 31. For ſince, upon 
the diſſolution of the conſtituent parts of ſalt 
by fire, it is found, that upon ſeparating and 
volatilizing the acid ſpirit, the air-particles do 
in great abundance ruſh forth from a fixt to 
a repelling elaſtick ſtate; it muſt needs be, 

that 
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that theſe particles did, in their fixt ſtate, 
ſtrongly attract the acid ſpirits, as well as the 
ſulphureous earthy parts of the ſalt; for the 
moſt ſtrongly repelling and elaſtick particles 
are obſerved, in a fixt ſtate, to be the moſt 
ſtrongly attracting. 

But the watry acid, which when ſepa- 
rated from ſalt by the action of fire, makes 
a very corroſive fuming ſpirit, will not make 
elaſtick air, though its parts were put into a 
briſk motion by fire in Exper. 72. And the 
event was the ſame with ſeveral other volatile 
ſubſtances, volatile ſalt of ſal mmonmiac, cam- 
phire, and brandy; which, though diſtilled 
over with a conſiderable heat, yet generated 
no elaſtick air, in Experiment 52, 61, 66. 
Whence it is plain, the acid vapours in tae 
air only float in it like the watry vapours; 
and when ſtrongly attracted by the elaſtick 
particles of the air, they firmly adhere to 
them, and make falts. 

Thus in Experiment 73, we ſee, by the 
vaſt quantity of air there is ſound in fartar, 
that though it contains the other principles 
of vegetables, yet air, with ſome volatile alt, 
ſeems to make up a conſiderable part of its 
compoſition; which air, when by the action 


of fire it is more firmly united with the earth, 
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and acid ſulphureous particles, requires a more 
intenſe degree of heat, to extricate it from 
thoſe adhering ſubſtances, as we find in the 
diſtillation of /a/ tartar, Exper. 74, which 
air and volatile ſalt are moſt readily ſeparated 
by fermentation. 

And by Experiment 72, plenty of air 
ariſes alſo from nitre, at the ſame time that 
the acid ſpirit is ſeparated from it by the ac- 
tion of fire, 

We find alſo by Exper. 71, that ſome air 
is by the ſame means obtained from common 
ſea-ſalt tho' not in ſo great plenty, nor ſo ea- 
ſily, as from 7arter and nitre, it being a more 
fixt body, by reaſon of the ſulphur which 
abounds in it; neither is it ſo eaſily changed 
in animal bodies, as other ſalts are; yet, ſince 
it fertilizes ground, it muſt needs be changed 
by vegetables. 

There is good reaſon alſo to ſuſpect, that 
theſe acid ſpirits are not wholly free from 
air- particles, notwithſtanding there were no 
elaſtick ones produced, when they were put 
into a briſk motion, by the action of fire in 
Experiment 75, which might be occaſioned 
by the great quantity of acid ſpirit, in which 
they were involved. For we ſee in Experi- 
ment go, that when the acid ſpirit of aqua 

regia 
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regia was more ſtrongly attracted by the diſ- 
ſolving gold, than by the air-particles, then 
plenty of air-particles, which were thus freed 
from the acid ſpirit, did continually ariſe from 
the aqua regia, and not from the gold, at 
leaſt not from the metallick particles of the 
gold, for that loſes nothing of its weight in 
the ſolution; ſo that if any does ariſe from 
the gold, it muſt be what may be latent in 
the pores of the gold. Whence it is pro- 
bable, that the air which is obtained by the 
fermenting mixture of acid and alkaline ſub- 
ſtances, may not ariſe wholly from the diſ- 
ſolved alkaline body, but in part alſo from 
the acid. Thus the great quantity of elaſ- 
tick air which in Exper. 8 3, is generated 
from the mixture of vinegar and oyſter-ſhell, 
may as well ariſe in part from the 7artar, to 
which vinegar owes its acidity, as from the 
diſſolved oyſter-ſhell. And what makes it 
further probable is, that the vinegar loſes its 
acidity in the ferment, that is, its tartar: 
for diſſolving menſtruums are generally obſer- 
ved to be changed in fermentation, as well as 
the diſſolved body. 

Have we not reaſon alſo hence to conclude, 
that the energy of acid ſpirits may, in ſome 
meaſure, be owing to the ſtrongly attracting 

air- 
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air- particles in them; which active principles 
may give an impetus to the acid ſpiculz, as 
well as the earthy oily matter, which is 
found in theſe acid ſpirits? 

There are, we ſee, alſo great ſtore of air- 
particles found in the analyſis of the blood, 
which ariſes doubtleſs as well from the ſerum 
as from the craſſumentum, for all the animal 
fluids and ſolids have air and ſulphur in them: 
which ſtrongly attracting principles ſeem to 
be more intimately united together in the 
more perfect and elaborate part of it, its red 
globules; ſo that we may not unreaſonably 
conclude, that air is a band of union here as 
well as in ſalts: and accordingly we find the 
oreateſt plenty of air in the moſt ſolid parts 
of the body, where the coheſion of the parts 
is the ſtrongeſt; for by comparing Experi- 
ment 49 and 51, we fee that much more air 
was found in the diſtillation of horn, than of 
blood. And the cohefion of animal ſub- 
ſtances was not, as we find by the ſame ex- 
periment, diſſolved even in the blood, without 
conſiderable violence of fire; tho' it is ſome- 
times done to a fatal degree in our blood, by 
that more ſubtile diſſolvent fermentation: but 
ve may obſerve, that violent ſalts, ſpirits, and 
ſulphureous oil, which are at the ſame time 

ſepa- 
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ſeparated from theſe ſubſtances, will not make 
elaſtick air. 


EXPERIMENT CXX. 


As elaſtick air is thus generated by the 
force of fire from theſe and many other ſub- 
ſtances, ſo is the elaſticity of the air greatly 
deſtroyed by ſulphurcous bodies. Sir Iſaac 
Newton obſerves, © That as light acts upon 
« ſulphur, ſo, ſince all action is mutual, ſul- 
« phurs ought to act moſt upon light.” And 
the ſame-may be obſerved of air and ſulphur; 
for by Exper. 103, it is found that burning 
ſulphur, which is a very ſtrongly attracting 
ſubſtance, powerfully attracts and fixes the 
elaſtick particles of air; ſo that there mult 
needs be a good quantity of unclaſtick air- 
particles in oil and flour of ſulphur: the 
firſt of which is made by burning ſulphur 
under a bell, the other by ſublimation : in 
further confirmation of this it is obſerved, 
that olcum ſulpburis per camtanam is with 
more difficulty made in a dry than a moiſt 
air ; and I have found by experiment pur- 
poſely made, that a candle which burnt 7" 
in a very dry recciver, burnt but 64” in the 
ſame receiver, when filled with the ſumes of 


hot 
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hot water; and yet abſorbed. one-fifth part 
more air, than when it burnt longer in the 
dry air, 

Sulphur not only abſorbs the air when 
burning in a homogeneal maſs, but alſo in 
many fermenting mixtures; and as Sir Iſaac 
Newton obſerved the attractive and refractive 
power of bodies to be greater or leſs, as they 
partook more or leſs of ſulphureous oily par- 
ticles ; ſo there is good reaſon from theſe ex- 
periments to attribute the fixing of the elaſ- 
tick particles of the air to the ſtrong attrac- 
tion of the ſulphureous particles, with which 
he ſays it is probable that all bodies abound 
more or leſs, Electrical bodies are alſo ob- 
ſerved to attract more ſtrongly, in proportion 
to the greater quantity of ſulphur which they 
contain. 

That great plenty of air is united with 
ſulphur in the oil of vegetables, is evident, 
from the quantity of air that aroſe from the 
diſtillation of oils of anniſceds and olives, in 
Exper, 62. When by fermentation the con- 
ſtituent parts of a vegetable are ſeparated, 
part of the air flies off in fermentation into 
an elaſtick ſtate; part unites with the eſſen- 


tial ſalt, water, oil and earth, which conſti- 
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the veſſel; the remainder, which continues 
in the fermented liquor, is there, ſome of it 
in a fixed, and ſome in an elaſtick ſtate, which 
gives briſkneſs to the liquor; their expanding 
bubbles riſing of a very viſible ſize, when the 
weight of the incumbent air 1s taken oft the 
liquor in a vacuum. 

And as there was found a greater quantity 
of air in the deer's horn than in blood, we 
may alſo obſerve it to be in a much greater 
proportion in the more ſolid parts of vege- 
tables, than in their fluid: for we find in 
Experiment 55, 57, and 60, that near one- 
third part of the ſubſtance of the pecatle, 
heart of oak, and tobacco, were, by the ac- 
tion of fire, changed from an unelaſtick ſtate 
to an elaſtick air: and fince a much greater 
proportion of air is found in the ſolid than 
the fluid parts of bodies, may we not with 
good reaſon conclude, that it is very inſtru- 
mental, as a band of union in thote bodies? 
* Thoſe particles (as Sir lizac Newton ob- 
« ſcrves) receding from one another with the 
c« greateſt repulſive force, and being mcit 
« diffjicultly brought together, Which upon 
e contact cohere moſt ſtrongly. Qu. 31. 
And it the attraction of cohehon of an unclal - 
tick air particle be proportionable to to its re- 


pul- 
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pulſive force in an elaſtick ſtate; then, ſince 
its elaſtick force is found to be ſo vaſtly great, 
ſo muſt that of its coheſion be alſo. Sir Iſaac 
Newton calculates from the inflection of the 
rays of light, that the attracting force of 
particles, near the point of contact, is 
10000,0000,0000,0000 greater than the 
force of gravity. 

Sulphur in a quieſcent fixed ſtate in a large 
body, does not abſorb the elaſtick air; for a 
hard roll of brimſtone does not abſorb air: 
but when ſome of that brimſtone, by being 
powdered and mixed with filings of iron, is 
ſet a fermenting, and thereby reduced into 
very minute particles, whoſe attraction in- 
creaſes as their ſize decreaſes; then it abſorbs 
elaſtick air vigorouſly: as may be ſcen in 
many inſtances under Experiment 95. The 
Walton mineral, in which there is a good 
quantity of ſulphur, did when compound 
aqua-fortis was poured on it, in Experiment 
96, make a conſiderable fermentation, and 
abſorb a great quantity of elaſtick air: but 
when the ferment was much increaſed, by 


adding an equal quantity of water to the like 


mixture, then inſtead of abſorbing 85 cu- 
bick inches, as before, it generated 8 o cubick 
inches of air: ſo that fermenting mixtures, 

which 
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which have ſulphur in them, do not always 
abſorb, but ſometimes generate air: the rea- 
ſon of which in the experiment now under 
conſideration ſeems to be this, viz. in the firſt 
caſe a good quantity of elaſtick air was gene- 
rated by the inteſtine motion of the ferment- 
ing ingredients; but there ariſing thence a 
thick, acid, ſulphureous fume, this fume ab- 
ſorbed a greater quantity of elaſtick air than 
was before generated : and we find by Ex- 
periment 103, that the ſulphureous particles 
which fly off in the air, do by their attraction 
deſtroy its elaſticity ; for in that experiment 
burning brimſtone greatly deſtroyed the air's 
elaſticity ; which muſt be done by the flame, 
and aſcending fumes ; becaule in the burning 
of any quantity of brimſtone the whole maſs 
is in a manner waſted, there remaining only a 
very little dry earth: and therefore the abſorb- 
ed air cannot remain there, but muſt be ab- 
ſorbed by the aſcending fumes which then at- 
tract moſt ſtrongly, when reduced ad minima : 
and it is well known, that a candle in burning 
flies all off into flame and vapour, fo that what 
air it abſorbs, muſt be by thoſe fumes. 
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EXPERIMENT CXXI. 


And further, I have found that theſe fumes 
deſtroy the air's elaſticity for many hours after 
the brimſtone match, which made them, was 
taken out of the veſſel zz a a (Fig. 35.) 
Thoſe fumes being firſt cooled by immerſing 
that veſſel and its ciſtern x x, (or an inverted 
wine flaſk, full of the fumes) under cold wa- 
ter for ſome time ; then marking the ſurface 
of the water 2 2, I immerſed the veſſels in 
warm water : and when all was cold again 
the following day, I found a good quantity of 
the air's elaſticity was deſtroyed by the wa- 
ter's aſcending above 3 2. And the event 
was the ſame upon frequent repetitions of the 
ſame experiment. 

But if, inſtead of the fumes of burning 
brimſtone, I filled a flaſk full of fumes from 
the ſmoak of wood, after it had done flame- 
ing, then there was but half as much air 
abſorbed by thoſe fumes, as there was by 
the fumes of brimſtone ; viz. becauſe the 
ſmoak of wood was much diluted with the 
watry vapour Which deſcended with it out 
of the wood. And this is doubtleſs the rea- 
ſon why the ſmoak of wood, though it in- 


commodes 
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commodes the lungs, yet it will not ſuffocate 
like that of charcoal, which is withal more 
ſulphureous, without any mixture of watry 
vapours. 

And that new generated elaſtick air is re- 
ſorbed by theſe fumes, I found by attempting 
to fire a match of brimſtone with a burning- 
glaſs, by means of a pretty large piece of 
brown paper, which had been dipped in a 
ſtrong ſolution of nitre, and then dried; 
which nitre in detonizing generated near two 
quarts of air; which quantity of air, and a 
great deal more, was abſorbed, when the 
brimſtone took fire, and flamed vigorouſly. 

So that the 8 5 cubick inches of air, Exper. 
96. which I found upon meaſuring, was ab- 
ſorbed by the Walton mineral and compound 
aqua-fortis, was the exceſs of what was ab- 
ſorbed by thoſe fumes above what was gene- 
rated by the fermenting mixture. 

And the reaſon is the ſame in filings of 
iron, and ſpirit of nitre, Exper. 94. which 
alſo abſorbed more than they gencrated, whe- 
ther with or without water, 

Hence alſo we ſce the reaſon why filings of 
iron and compound agz1-forits, in the ſame 
94th Experiment, abſorbed air; and why, 
when mixed with an cqual quantity of water, 
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it moſtly abſorbed, but did ſometimes gene- 
rate, and then abſorb again: and it was the 
ſame with oil of vitriol, filings of iron and 
water, and Newcaſtle coal, and compound 
aqua-forits, and others, viz. At firſt, when 
the ferment was briſk, the abſorbing fumes 
roſe faſteſt, whereby more air was abſorbed 
than generated ; but as the ferment abated, 
to ſuch a degree as to be able ſtill to generate 
elaſtick air, but not to ſend forth a propor- 
tionable quantity of fumes, in that caſe more 
air would be generated than abſorbed. 

And in Experiment 95, there are ſeveral 
inſtances of the air's being in like manner ab- 
ſorbed in leſſer degrees, by other fermenting 
mixtures: as in the mixture of ſpirits of harts- 
horn with filings of iron, and with filings of 
copper: and fpirit of ſol ammoniac with 
filings of copper; and alſo filings of iron 
and water ; powdered flint, and compound 
cqua-foriis; powdered Briſtol- diamond with 
the ſame liquor. 

It is probable from Experiment 103 and 
106, where it was found that the thicker 
the fuliginous vapours were, the faſter they 
abſorbed the air, that if the above-mentioned 
fermenting mixtures had not becn confined 
in cloſe veils, but in the open air, where 
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the vapours would have been leſs denſe, that 
in that caſe much leſs air would have been 
abſorbed, perhaps a great deal leſs than was 
generated. | 

In the ſecond caſe of the Walton mineral, 
Experiment 96, when, inſtead of abſorbing, 
it generated air, the parts of the compound 
aqua-fortis were then more at liberty to act 
by being diluted with an equal quantity of 
water ; whereby the ferment being more 
violent, the particles which conſtituted the 
new elaſtick air were thereby thrown off in 
greater plenty, and perhaps with a greater 
degree of elaſticity, which might carry them 
beyond the ſphere of attraction of the ſul- 
phureous particles, 

This is further iliuſtrated by Experiment 
94, where filings of iron and il of vitriol 
alone generated very little; but the like quan- 
tities of filings of iron, with an equal quan- 
tity of water, generated 43 cubick inchus of 
air; and the like ingredients, with three 
times that quantity of water, generatcd 108 
cubick inches. 

And though the quantity of the afcending 
fumes (which was in this caſe of the ///2/'cr: 
mineral very great) muſt needs in their aſcent 
abſorb a good deal of elaſtick air, (for they 
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will abſorb air) yet if, where the ferment was 
ſo much greater, more elaſtick air was gene- 
rated by the fermenting mixture, than was 
abſorbed by the aſcending tumes, then the 
quantity of new generated air, which I found 
between 2 2 and @ a, (Fig. 35.) when I mea- 
ſured it, was equal to the exceſs of what was 
generated above what was abforbed. 

And probably in this caſe the air was not 
abſorbed ſo much in proportion to the denſity 
of the ſumes, as in the firſt caſe; becauſe 
here the ſulphurecus fumes were much 
blended with watry vapours: for we find in 
Experiment 9, that fix times more was 
wailcd in fumes in this caſe, than in the 
other; and therefore probably a good part 
of the cub'ck inch of water aſcended with 
the vapour, and might thereby weaken its 
abſorbing power: for watry vapours do not 
abſorb claſtick air as the ſulphureous ones do; 
tho' by Experiment 120, a candle abſorbed 
more in a damp than in a dry air. 

And it is from theſe diluting watry vapours, 
that filings of iron, with ſpirit of nitre and 
water, abtorbed leſs than with ſpirit of nitre 
alone; for in both caſes it abſorbs more than 
it generates. 


Thus 
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Thus alſo oil of vitriol and chalk gene- 
rate air, their fume being ſmall, and that 
much diluted with the watry vapours in the 
chalk. 

But lime, with oil of vitriol, or white- 
wine vinegar or water, make a conſiderable 
fume, and abſorb good quantities of air : 
lime alone left to flaken gradually, as it 
makes no fum , ſo it ah ſorbs no air. 

We ſee in Expeiiment g2, where the fer- 
ment was not very ſudden nor violent, nor 
the quantity of abſorbing fumcs large, that 
the antimony and agua-fortis generated a 
quantity of air equal to 57:0 times the bulk 
of the antimony. Thus alſo in the mixture 
of agua-regia and antimony, in Experiment 
91, while at firſt the ferment was ſmall, then 
air was generated ; but when with the in- 
creaſing ferment plenty of fumes aroſe, then 
there was a change from a generating to an 
ablorbing ſtate, See Vol. II. p. 292. 

Since we find ſuch great quantities of elaſ- 
tick air generated in the ſolution of animal 
and vegetable ſubſtances, it muſt needs be, 
that a good deal does conſtantly ariſe from the 
diflolving of theſe aliments in the ſtomach 
and bowels, which diſſolution it greatly pro- 
motes: ſome of which may very probably 
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be reſorbed again, by the fumes which ariſe 
with them; for we ſce in Experiment 83, 
that oyſter-ſhell and vinegar, oyſter-ſhell 
and rennet, oyſter-ſhell and orange-juice, 
rennet alone, rennet and bread, firſt gene- 
rated, and then abſorbed air ; but oyſter-ſhell 
with ſome of the liquor of a calf's ſtomach, 
which had fed much upon hay, did not ge- 
nerate air; and it was the ſame with oyſter- 
ſhell and ox-gall, and ſpittle and urine ; oy- 
ſter ſhell and milk generated a little air, but 
lemon-juice and milk did at the ſame time ab- 
ſorb a little: thus we ſee, that the variety of 
mixtures in the ſtomach appear ſomctimes to 
generate, and ſometimes to abſorb air ; that 
is, there 1s ſometimes more generated than 
abſorbed, and ſometimes an equal quantity, 
and ſometimes leſs, according to the propor- 
tion the generating power of the diſſolving 
aliments bears to the abſorbing power of the 
fumes which ariſe from them, In a true 
kindly digeition, the generating power exceeds 
the abſorbing power but a little : but when- 
ever the digeſtion deviates in ſome degree 


from this natural ſtate, to generate a greater 


en one of elaſtick air, then are we trou- 
led more or leſs with diſtending flatus's. I 
had intended to make theſe, and many more, 
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experiments, relating to the nature of digeſ- 
tion, in a warmth equal to that of the ſto- 
mach; but have been hitherto prevented by 
purſuing other experiments. 

Thus we ſee that all theſe mixtures do in 
fermentation generate elaſtick air ; but thoſe 
which emit thick fumes, charged with ſul- 
phur, reſorbed more than was generated, in 
proportion to the ſulphureouſneſs and thick- 
neſs of thoſe fumes. 

I have alſo ſhewn in many of the forego- 
ing exeriments, that plenty of true perma- 
nent elaſtick air is generated from the fer- 
menting mixtures of acid and alkaline ſub- 
ſtances, and eſpecially from the fermentation 
and diſſolution of animal and vegetable bo- 
dies, into whoſe ſubſtances we ſce it is in 
a great proportion intimately and firmly in- 
corporated ; and conſequently great quantities 
of elaſtick air muſt bz continually expended in 
their production; part of which does, we 
ſee, reſume its elaſtick quality, when briſkly 
thrown off from thoſe bodies by fermentation 
in the diſſolution of their texture, But part 
may probably never regain its elaſticity, or at 
leaſt not in many centurics, that efpccial! y 
which is incorporated into the more durable 
parts of animals and vegetables. However, 
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we may with pleaſure ſee what immenſe trea- 
ſures of this noble and important element, 
endued with a moſt active principle, the all- 
wiſe providence of the great Author of na- 
ture has provided, the conſtant waſte of it 
being abundantly ſupplicd by heat and fer- 
mentation from innumerable denſe bodies; 
and that probably from many of thoſe bodies, 
which, when they had their aſcending fumes 
confined in my glaſſes, abſorbed more air 
than they generated; but would, in a more 
free, open ſpace, generate more than they ab- 
ſorbed, 

I made ſome attempts, both byfire and 
alſo by fermenting and abſorbing mixtures, 
to try if I could deprive all the particles of 
any quantity of elaſtick air of their claſticity ; 
but I could not effect it: there is therefore 
no direct proof from any of theſe experi- 
ments, that all the elaſtick air may be ab- 
ſorbed, tho' it is very probable it may, ſince 
we find it is in ſuch great plenty generated 
and abſorbed; it may well therefore be all 
abſorbed and changed from an elaſtick to a 
fixed ſtate : for, as Sir Iſaac Newton ob- 
ſerves of light, That nothing more is re- 
s quiſite for producing all the variety of co- 
** lours, and degrees of refrangibility, than 
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* that the rays of light be bodies of different 
** ſizes, the leaſt of which may make the 
% weakeſt and darkeſt of the colours, and be 
more eaſily diverted, by refracting ſurfaces 
* from the right courſe ; and the reſt, as 
they are bigger and bigger, may make the 
ſtronger and more lucid colours, and be 
** more and more difhcultly diverted, Qu. 29.” 
So Qu. 30. he obſerves of air, That denſe 
© bodies, by fermentation, rarefy into ſeveral 
* ſorts of air, and this air, by fermentation, 
« and ſometimes without, returns into denſe 
* bodies.“ And ſince we find in fact from 
theſe experiments, that air ariſes from a 
great variety of denſe bodies, both by fire 
and fermentation, it is probable that they 
may have very different degrees of elaſticity, 
in proportion to the different fize and denſity 
of its particles, and the different force with 
which they were thrown off iuto an elaſtick 
ſtate, ** Thoſe particles (as Sir Iſaac New- 
e ton obſerves) receding from one another, 
* with the greateſt repulſive force, and being 
* moſt difficultly brought together, which 
* upon contact cohere moit ſtrongly.” 
Whence thoſe of the weakeſt elaſticity will 
be leaſt able to reſiſt a counter - acting power, 
and will thercfore be ſooneſt changed from 

an 
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an elaſtick to a fixed ſtate: and it is conſonant 
to reaſon to think, that the air may conſiſt 
of infinite degrees of theſe, from the moſt 
elaſtick and repelling, till we come to the 
more ſluggiſh, watry, and other particles, 
which float in the air; yet the repelling force 
of the leaſt elaſtic particle, near the ſurface 
of the earth, while it continues in that elaſ- 
tick ſtate, muſt be ſuperior to the incumbent 
preſſure of a column of air, whoſe height is 
equal to that of the atmoſphere, and its baſe 
to the ſurface of the ſphere of its elaſtick 
activity. 

Thus, upon the whole, we ſee that air 
abounds in animal, vegetable, and mineral 
ſubſtances ; in all which it bears a conſider- 
able part: if all the parts of matter were 
only endued with a ſtrongly attracting power, 
whole nature would then immediately be- 
come one unactive cohering lump ; where- 
fore it was abſolutely neceſſary, in order to 
the actuating and enlivening this vaſt maſs of 
attracting matter, that there ſhould be every 
where intermixed with it a due proportion 
of ſtrongly repelling elaſtick particles, which 
might enliven the whole maſs, by the inceſ- 
ſant action between them and the attracting 
particles: and fince theſe elaſtick particles 

are 
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are continually in great abundance reduced 
by the power of the ſtrong attracters, from 
an elaſtick to a fixed ſtate ; it was therefore ne- 
ceſſary, that theſe particles ſhould be endued 
with a property of reſuming their elaſtick 
ſtate, whenever they were diſengaged. from 
that maſs in which they were fixed, that there- 
by this beautiful frame of things might be 
maintained in a continual round of the pro- 
duction and diſſolution of animal and vegetable 
bodies, | 
The air is very inſtrumental in the pro- 
duction and growth of animals and vegeta- 
bles, both by invigorating their ſeveral juices 
while in an elaſtick active ſtate, and alſo by 
greatly contributing in a fixed ſtate to the 
union and firm connection of the ſeveral con- 
ſtituent parts of thoſe bodies, vig. their wa- 
ter, ſalt, ſulphur, and earth. This band of 
union, in conjunction with the external air, 
is alſo a very powerful agent in the diſſolu- 
tion and corruption of the ſame bodies ; for 
it makes one in every fermenting mixture ; 
the action and re. action of the aereal and 
ſulphureous particles is, in many fermenting 
mixtures, ſo great, as to excite a burning 
heat, and in others a ſudden flame: and it 
is, we ſee, by the like action and re- action of 
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the ſame principles, in fuel and the ambient 
air, that common culinary fires are produced 
and maintained. 

Tho' the force of its elaſticy is ſo great 
as to be able to bear a prodigious preſſure, 
without loſing that elaſticity, yet we have, 
from the foregoing experiments, evident 
proof, that its elaſticity is eaſily, and in great 
abundance dcitroyed ; and is thereby reduced 
to a fixed ſtate, by the ſtrong attraction of the 


acid ſulphureous particles, which ariſe either 


from fire or from fermentation : and there- 
fore elaſiicity is not an efſential immutable 
property of air- particles; but they are, we ſee, 
eaſily changed from an el tick to a fixed ſtate, 
by the ſtrong attraction of the acid, ſulphure- 
ous, and faiine particles, which abound in 
the air. Whence it is reaſonable to conclude, 
that our atmoſphere is a chaos, conſiſting 
not only of elaſtick, but alſo of unelaſtick 
air- particles, which in great plenty float in it, 
as well as the ſulphureous, ſaline, watry and 
earthy particles, which are no ways capable 
of being thrown off into a permanently 
elaſtick ſtate, like thoſe particles which conſti- 

tute true permanent air, 
Since then air is found ſo manifeſtly to 
abound in almoſt all natural bodies ; fince we 
| | find 
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find it ſo operative and active a “ principle in 
every chymical operation; ſince its conſtituent 
parts are of ſo durable a nature, that the 
moſt violent action of fire or fermentation 
cannot induce ſuch an alteration of its texture, 
as thereby to diſqualify it from reſuming, ei- 
ther by the means of fice, or fermentation, 
its former elaſtick ſtate; unleſs in the caſe of 
vitrification, when, with the vegetable ſalt 
and nitre, in which it is incorporated, it may 
perhaps, ſome of it, with other chymical prin- 
ciples, be immutably fixed: fince then this is 
the caſe, may we not with good reaſon adopt 
this now fixed, now volatile Proteus, among 
the chymical principles, and that a very ac- 
tive one, as well as acid ſulphur; notwith- 
ſtanding it has hitherto been overlooked and 
rejected by chymiſts, as no way intitled to 
that denomination. 

If thoſe who unhappily ſpent their time 
and ſubſtance in ſearch after an imaginary 
production, that was to reduce all things to 
gold, had, inſtead of that fruitleſs purſuit, be- 
ſtowed their labour in ſearching after this 
much neglected volatile Hermes, who has fo 
often eſcaped thro' their burſt receivers, in 
the diſguiſe of a ſubtile ſpirit, a mere flatu- 
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lent exploſive matter; they would then, in- 
ſtead of reaping vanity, have found their re- 
ſearches rewarded with very conſiderable and 
uſeful diſcoveries, 
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Of Vegetation. 


E are but too ſenſible, that our rea- 

ſonings about the wonderful and in- 
tricate operations of nature are ſo full of un- 
certainty, that, as the Wiſe- man truly ob- 
ſerves, hardly do we gueſs aright at the things 
that are upon earth, and with labour do we 
find the things that ore before us. | Wiſdom, 
Chap. ix. ver. 16. And this obſervation we 
find ſufficiently verified in vegetable nature, 
whoſe abundant productions, tho* they are 
moſt viſible and obvious to us, yet arc we 
much in the dark about the nature of them ; 
becauſe the texture of the veſſels of plants is 
ſo intricate and fine, that we can trace but 
few of them, though aſſiſted with the beſt 
microſcopes, We have however good reaſon 


to 
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to be diligent in making farther and farther 
reſearches; for tho' we can never hope to 
come to the bottom and firſt principles of 
things, yet in ſo inexhauſtible a ſubject, 
where every the ſmalleſt part of this wonder- 
ful fabrics is wrought in the moſt curious 
and beautiful manner, we need not doubt of 
having our inquiries rewarded with ſome 
further pleaſing diſcovery ; but if this ſhould 
not be the reward of our diligence, we are 
however ſure of entertaining our minds after 
the moſt agreeable manner, by ſeeing in every 
thing, with ſurprizing delight, ſuch plain 
fignatures of the wonderful hand of the 
divine Architect, as muſt neceſſarily diſpoſe 
and carry our thoughts to an act of adora- 
tion, the beſt and nobleſt employment and 
entertainment of the mind. 

What I ſhall here ſay will be chiefly found- 
ed on the following experiments; and on ſe- 
veral of the preceding ones, without repeating 
what has already been occaſionally obſerved 
on the ſubject of vegetation, 

We find by the chymical Analyſis of Ve- 
getables, that their ſubſtance is compoſed of 
ſulphur, volatile ſalt, water, and earth; which 
principles are all endued with mutually at- 
tracting powers, and alſo of a large portion 


of 
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of air, which has a wonderful property of 
ſtrongly attracting in a fixed ſtate, or of re- 
pelling in an elaſtick ſtate; with a power 
which is ſuperior to vaſt compreſſing forces; 
and it is by the infinite combinations, action, 
and re- action of theſe principles, that all the 
operations in animal and vegetable bodies are 
effected. 

Theſe active aereal particles are very ſer- 
viceable in carrying on the work of vegeta- 
tion to its perfection and maturity; not on- 
ly in helping by their elaſticity to diſtend each 
ductile part, but alſo by enlivening and in- 
vigorating their ſap, where, mixing with 
the other mutually attracting principles, they 
are by gentle heat and motion ſet at liberty 
to aſſimilate into the nouriſhment of the re- 


ſpective parts: The ſoft and moiſt nouriſh- 


e ment eaſily changing its texture by gentle 
et heat and motion, which congregates homo- 
«© geneal bodies, and ſeparates heterogeneal 
* ones.” Newton's Opticks, Qu. 31. The 
ſum of the attracting power of theſe mutu- 
ally acting and re-ating principles being, 
while in this nutritive ſtate, ſuperior to the 
ſum of their repelling power; whereby the 
work of nutrition is gradually advanced by 
the nearer and nearer union of theſe 

prin- 
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principles from a leſſer to a greater degree 
of conſiſtency, till they are advanced to that 
viſcid ductile ſtate, whence the ſeveral parts 
of vegetables are formed; and are at length 
firmly compacted into hard ſubſtances, by 
the flying off of the watry diluting vehicle, 
ſooner or later, according to the different de- 
grees of cohefion of theſe thus compacted 
principles, 

But when the watry particles do again ſoak 
into and diſunite them, and their repelling 
power is thereby become ſuperior to their at- 
tracting power; then is the union of the parts 
of vegetables thereby ſo thoroughly diſſolved, 
that this ſtate of putrefaction does, by a wiſe 
order of Providence, fit them to reſuſcitate 
again in new vegetable productions, where- 
by the nutritive fund of nature can never be 
exhauſted; which being the ſame both in 
animals and vegetables, it is thereby admirably 
fitted, by a little alteration of its texture, to 
nouriſh either. | 

Now, tho' all the principles of vegetables 
are, in their duc proportion, neceſſary to the 
production and perfection of them; yet we 
generally find greater proportions of oil in the 
more claborate and exalted parts of vege- 
tables: and thus ſeeds are found to abound 
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with oil, and conſequently with ſulphur and 
air, as we ſee by Experiment 56, 57, 58. 
Which ſeeds containing the rudiments of fu- 
ture vegetables, it was neceſſary that they 
ſhould be well ſtored with principles that 
would both preſerve the ſeed from putrefac- 
tion, and alſo be very active in promoting 
germination and vegetation. Thus alſo by 
the grateful odours of flowers we are aſſured, 
that they are ſtored with a very ſubtile, highly 
ſublimed oil, which perfumes the ambient 
air; and the ſame may be obſerved from 
the high taſtes of fruits, 

And as dil is an excellent preſervative 
againſt the injuries of cold, ſo it is found to 
abound in the ſap of the more northern trees; 


and it is this which in ever-greens keeps their 


leaves from falling. 

But plants of a leſs durable texture, as they 
abound with a greater poportion of ſalt and 
water, which is not ſo ſtrongly attracting as 
ſulphur and air, ſo they arc leſs able to en- 
dure the cold; and as plants are obſerved to 
have greater proportion of ſalt and water in 


them in the ſpring, than in the autumn, ſo 


they are the more eaſily injured by cold in the 


ſpring, than in a more adyanced age, when 
their 
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their quantity of oil is increaſed with their 
greater maturity. 

Whence we find that nature's chief buſi- 
neſs in bringing the parts of a vegetable, eſpe- 
cially its fruit and ſeed, to maturity, is to 
combine together in a due proportion, the 
more active and noble principles of ſulphur 
and air, that chiefly conſtitute oil, which in 
its moſt refined ſtate is never found without 
ſome degree of earth and falt in it. 

And the more perfect this maturity is, the 
more firmly are theſe noble principles united, 
Thus Rheniſh wines, which grow in a more 
northern climate, are found to yield their 
tartar, 7. e. by Exper. 73. their incorporated 
air and ſulphur, in greater plenty, than the 
ſtronger wines of hotter countries, in which 
theſe generous principles are more firmly 
united: and particularly in Madeira wine, 
they are fixt to ſuch a degree, that that wine 
requires a conſiderable degree of warmth, 
ſuch as would deſtroy the more delicate tex- 
ture of many other wines, to keep it in order, 
and give it a generous taſte; and it 1s from 
the ſame reaſon, that ſmall French wines are 
found to yield more ſpirit in diſtillation, than 
ſtrong Spaniſh wines, 


T9 But 
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But when, on the other hand, the crude 
watry part of the nutriment bears too great 
a proportion to the more noble principles 
either in 2 too luxuriant ſtate of a plant, or 
when its roots are planted too deep, or it ſtands 
in too ſhady a poſition, or in a very cold and 
wet ſummer; then it is found, that either no 
fruit is produced, or if there be any, yet it 
continues in a crude watry ſtate ; and never 
comes to that degree of maturity, which a 
due proportion of the more noble principles 
would bring it to. 

Thus we find in this and every other part 
of this beautiful ſcene of things, when we 


attentively conſider them, that the great Au- 


thor of nature has admirably tempered the 
conſtituent principles of natural bodies, in 
ſuch due proportions as might beſt fit them 
for the ſtate and purpoſes they were intended 
for, 

It is very plain from many of the foregoing 
experiments and obſervations, that the leaves 
are very ſerviceable in this work of vegeta- 
tion, by being inſtrumental in bringing nou- 
riſhment from the lower parts, within the 
reach of the attraction of the growing fruit; 
which, like young animals, is furniſhed with 
proper inſtruments to ſuck it thence, But 

the 
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the leaves ſeem alſo deſigned for many other 
noble and important ſervices; for nature 
admirably adapts her inſtruments ſo as to 
be at the ſame time ſerviceable to many 
good purpoſes. Thus the leaves, in which 
are the main excretory ducts in vegetables, 
ſeparate and carry. off the redundant watry 
fluid, which by being long detained, would 
turn rancid and prejudicious to the plant, 
leaving the more nutritive parts to coaleſce ; 
part of which nouriſhment, we have good 
reaſon to think, 1s conveyed into vegetables 
through the leaves, which do plentifully im- 
bibe the dew and rain, which contain falt, 
ſulphur, &c. For the air is ſull of acid 
and ſulphureous particles, which when they 
abound much, do, by the action and re- action 
etween them and the elaſtick air, cauſe that 
ſultry heat, which uſually ends ia lightning 
and thunder: and theſe new combinations 
of air, ſulphur, and acid ſpirit, which are 
conſtantly forming in the air, are doubtleſs ve- 
ry ſerviceable in promoting the work of ve- 
getation; when being imbibed by the leaves, 
they may not improbably be the materials 
out of which the more ſubtile and refined 
principles of vegetables are formed: for ſo 
fine a fluid as the air ſcems to be a more pro- 
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per medium, wherein to prepare and com- 
bine the more exalted principles of vegetables, 
than the groſſer watry fluid of the ſap; and 
for the ſame reaſon, 'tis likely, that the 
moſt refined and active principles of animals 
are alſo prepared in the air, and thence 
conveyed through the lungs into the blood ; 
and that there is plenty of theſe ſulphureo- 
acreal particles in the leaves, 1s evident from 
the ſulphurcous cxudations, which are 
found at the edges of leaves which bees are 
obſerved to make their waxen cells of, as 
well as of the duſt of flowers: and that 
wax abounds with ſulphur is plain, from 
its burning freely, &c. 

We may therefore reaſonably conclude, 
that one great uſe of leaves is what has been 
long ſuſpected by many, v:z. to perform in 
ſome meaſure the ſame office for the ſupport 
of the vegetable life, that the lungs of ani- 
mals do, for the ſupport of the animal life; 
plants very probably drawing through their 
leaves ſome part of their nouriſhment from 
the air. 

But as plants have not a dilating and con- 
tracting thorax, their inſpirations and expira- 
tions Will not be ſo frequent as thoſe of 
animals, but depend wholly on the alter- 


nate 


OF VEGETATION. 327 


nate changes from hot to cold for inſpira- 
tion, and vice verſa for expiration; and tis 
not improbable, that plants of more rich 
and racy juices may imbibe and aſſimilate 
more of this aereal food into ther conſtitu- 
tions, than others, which have more watry 
vapid juices, We may look upon the vine 
as a good inſtance of this, which in Expe- 
riment 3, perſpired leſs than the apple-tree. 
For as it delights not in drawing much 
watry nouriſhment from the earth by its 
roots, ſo it muſt therefore neceſſarily be 
brought to a more ſtrongly imbibing ſtate at 
night, than other trees, which abound more 


with watry nouriſhment; and it will there- 


fore conſequently imbibe more from the air, 
And likely this may be the reaſon, why 
plants in hot countries abound more with 
fine aromatick principles, than the more 
northern plants; for they do undoubtedly im- 
bibe more dew, | 
And if this conjecture be right, then it 
gives us a farther reaſon, why trees which 
abound with moiſture, either from too 
ſhaded a poſition, or a too luxurious ſtate, 
are unfruitful, vg. becauſe being in theſe 
caſes more replete with moiſture, they can- 
not imbibe ſo ſtrongly from the air, as 
Ya 


others 
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others do, that great bleſſing, the dew of 


heaven. 

And as the moſt racy generous taſtes of 
fruits, and the grateful odours of flowers, do 
not improbably ariſe from theſe refined ae- 
real priuciples, ſo may the beautiful colours 
of flowers be owing, in a good meaſure, to the 
ſame original; for it is a known obſervation, 
that a dry ſoil contributes much more to their - 
variegation, than a ſtrong moiſt one does. 

And may not light alſo, by freely entering 
the expanded ſurfaces of leaves and flowers, 
contribute much to the ennobling the prin- 
ciples of vegetables? For Sir Iſaac Newton 
puts it as a very probable query, * Are not 
& groſs bodies and light convertible into 
* one another? and may not bodies receive 
* much of their activity from the particles 
e of light, which enter their compoſition ? 
© The change of bodies into light, and of 
light into bodies, is very conformable to 
the courſe of nature, which ſeems delighted 
* with tranſmutations. Opt. Qu. 30.“ 
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EXPERIMENT CXXII. 


That the leaves and ſtems of plants do 
imbibe elaſtick air, there is ſome reaſon to 
ſuſpect, from the following experiment, 
which, in the firſt edition of this book, I 
mentioned as not made with accuracy enough ; 
but I have fince repeated it with greater ac- 
curacy, vig. June 29th, I ſet a well-rooted 
plant of pepper-mint in a glaſs ciſtern full of 
earth, and then poured in as much water 
as it would contain: over this glaſs-ciſtern 
I placed an inverted glaſs 2 2, à a, as in 
(Fig. 35.) the water being drawn up by 
means of a ſyphon to a a. At the ſame time 
alſo I placed in the ſame manner another in- 
verted glaſs z 2, @ a, of equal ſize with the 
former, but without any plant under it: the 
capacity of theſe veſſels above the water a a 
was equal to 49 cubick inches, In a month's 
time the mnt had made ſeveral weak lender 
ſhoots, and many ſmall hairy roots ſhot out 
at the joints that were above water, occaſion- 
ed probably by the great moiſture of the air, 
in which the plant ſtood ; half the leaves of 
the old ſtem were now dead; but the leaves 
and ſtem of the young ſhoots continued green 

moſt 


330 OF VEGETATION, 


moſt part of the following winter: the wa- 
ter in the two inverted glaſſes roſe and fell, 
as it was either affected by the different 
weight of the atmoſphere, or by the dilata- 
tion and contraction of the air above a 4. But 
the water in the veſſel in which the pepper- 
mint ſtood, roſe ſo much above à a, and 
above the ſurface of the water in the other 
veſſel, that one- ſeventh part of that air 
muſt have been reduced to a fixed ſtate, ei- 
ther by being imbibed into the ſubſtance 
of the plant, or by the vapours which aroſe 
from the plant. This was chiefly done in 
the two or three ſummer months; for after 
that no more air was abſorbed. The begin- 
ning of April in the following ſpring, I took 
out the old unt, and put a freſh plant in 
its place, to try if it would abſorb any more 
of the air, but it faded in four or five 
days, Yet a freſh plant put into the other 
glaſs, whoſe air had been confined for nine 
months, lived ncar a month, almoſt as long 
as another plant did in freſh confined air; 


for I have found that a tender plant confined 


in this manner in April, would not live ſo 


long as a ſtronger grown plant, put in in 
June. 
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The like plants placed. in the ſame man- 
ner ſeparately, in the diſtilled airs of 7artar 
and Newcaſtle coal, ſoon faded ; yet a like 
plant confined in three pints of air, a quart 
of which was diſtilled from an ox's tooth, 
grew about two inches in height, and had 
ſome green leaves on it, aſter fix or ſeven 
weeks confinement. 

Finding that a freſh plant could not live 
in the air, which had becn for ſeveral months 
infected by the mint which was placed in it 
the 19th of June; inſtead of a plant, I placed 
in that air a mixture of powdered brimſtone 
and filings of iron moiſtened with water ; this 
mixture abſorbed four cubick inches of this air, 


EXPERIMENT CXXIII. 


In order to find out the manner of the 
growth of young ſhoots, 1 firſt prepared the 
following inſtrument ; vig. I took a ſmall 
ſtick a, (Fig. 40.) and at a quarter of an inch 
diſtance from each other, I run the points of 
five pins, 1, 2, 3 4, 5, thro' the ſtick, ſo far 
as to ſtand r of an inch from the ſtick ; then 
bending down the great ends of the pins, I 
bound them all faſt with waxed thread ; I 
provided alſo ſome red- lead mixed with oil. 


In 
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In the fpring, when the vines had made 
ſhort ſhoots, I dipped the points of the pins 
in the paint, and then pricked the young 
ſhoot of a vine (Fig. 41.) with the five 
points at once, from f top: I then took 
off the marking inſtrument, and placing the 
loweſt point of it in the hole p, the upper- 
moſt mark, I again pricked freſh holes from 
p to J, and then marked the two other points 
1 D 3 thus the whole ſhoot was marked eve- 
ry = inch, the red paint Rug every point 
remain vigble. 

(Fig. 42.) ſhews the true proportion of 
the ſame ſhoot, when it was full grown, 
the September ſollowing; where every cor- 
reſponding point is noted with the ſame 
letter. 

The diſtance from t to s was not en- 
larged above 55 part of an inch; from 5s to , 
the g of an inch; from q to , ; from þ 
to o, „; from to n, £-; from u to m, „; 
from m to /, i e of an inch; from! to 2, 
1+ 7; inch nearly; and from 7 to h, es 
inches. 

In this experiment we ſee, that the firſt 
joint to v extended very little, it being al- 
moſt hardened, and come near to its full 
growth, when 1 marked it: the next joint, 

from 
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from r to u, being younger, extended ſome- 
thing more; and the third joint, from 7 to &, 
extended from + of an inch, to 3 inches; 
but from & to b, the very tender joint, which 
was but + inch long, when I marked it, was, 
when full-grown, three inches long. 

We may obſerve, that nature, in order 
to ſupply theſe young growing ſhoots with 
plenty of ductile matter, is very careful to 
furniſh, at ſmall diſtances, the young ſhoots of 
all ſorts of trees with many leaves throughout 
their whole length, which ſerve as ſo many 
jointly acting powers placed at different ſta- 
tions, thereby to draw with more caſe plenty 
of ſap to the extending ſhoot. 

The like proviſion has nature made in 
the corn, graſs, cane, and reed kind; the 
leafy ſpires, which draw the nouriſhment to 
each joint, being provided long before the 
ſtem ſhoots ; which ſlender ſtem, in its ten- 
der ductile ſtate, would mott caſily break, 
and dry up too ſoon, ſo as to prevent its due 
growth, had not nature, to prevent both 
theſe inconveniencies, provided Prong cs 
or ſcabbards, which both ſupport and kzep 
long, in a ſupple ductile fate, the tender 
extending item, 
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I marked in the ſame manner as the 
vine, at the proper ſeaſon, young boneyſuckle 
ſhoots, young aſparagus, and young ſun- 
flowers ; and I found in them all a gradual 
ſcale of unequal extenfions, thoſe parts ex- 
tending moſt which were tendereſt. The 
white part of the aſparagus, which was 
under-ground, extended very little in length, 

and accordingly we find the fibres of the 
white part very tough and ſtringy: but the 
greateſt extenſion of the tender green part, 
which was about four inches above the 
ground when I marked it, ſeparated the marks 
from a quarter of an inch to twelve inches 
diſtance; the greateſt diſtention of the ſun- 
flower was from inch to four inches diſ- 
tance. 

From theſe experiments it is evident, that 
the growth of a young bud to a ſhoot con- 
fiſts in the gradual dilatation and extenſion 
of every part, the knots of a ſhoot being | | 
very near each other in the bud, as may £4 
plainly and diſtinctly be ſeen in the ſlit bud of | 
the vine and figtree ; but by this gradual | | | 
diſtenſion of every part, they are extend- | 
ed to their full length. And we may 
eaſily conceive how the longitudinal capil- 
lary tubes ſtill retain their hollowneſs, not- 
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withſtanding their being diſtended, from the 
like effect in melted glaſs-tubes, which retain 
a hollowneſs, though drawn out to the fineſt 
thread. 

The whole progreſs of the firſt joint r is 
very ſhort in compariſon of the other joints, 
becauſe at firſt ſetting out its leaves being very 
ſmall, and the ſeaſon yet cooler than after- 
wards, 'tis probable that but little ſap 1s con- 
veyed to it; and therefore it extending but 
flowly, its fibres are in the mean time grown 
tough and hard, before it can arrive to any 
conſiderable length. But as the ſeaſon ad- 
vances, and the leaves inlarge, greater plenty 
of nouriſhment being thereby conveyed, the 
ſecond joint grows longer than the firſt, and 
the third and fourth ſtill on gradually longer 
than the preceding ; theſe do therefore, in 
equal times, make greater advances than the 
former, 

The wetter the ſeaſon, the longer and 
larger ſhoots do vegetables uſually make; 
becauſe their foſt ductile parts do then con- 
tinue longer in a moiſt tender ſtate : but in 
a dry ſeaſon the fibres ſooner harden, and 
ſtop the further growth of the ſhoot; and 
this may probably be one reaſon why the 
two or three laſt joints of every ſhoot are 

3 uſually 
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uſually ſhorter than the middle joints, vis. 
becauſe they ſhooting out in the more advan- 
ced hot dry ſummer ſeaſon, their fibres are ſoon 
hardened and aried, and are withal checked in 
their growth by the cool autumnal nights : I 
had a vine-ſhoot of one year's growth, which 
was 14 feet long, and had 39 joints, all pret- 
ty nearly of an equal length, except ſome of 
the firſt and laſt. 

And for the ſame reaſon, beans and many 
other plants, which ſtand where they are 
much ſhaded, being thereby kept continually 
moiſt, do grow to unuſual heights, and are 
drawn up, as they call it, by the over-ſhadow- 
ing trees, their parts being kept long, ſoft and 
ductile; but this very moiſt ſhaded ſtate 
is uſually attended with ſterility ; very long 
joints of vines are alſo obſerved to be un- 
fruitful, 

This experiment, which ſhews the man- 
ner of the growth of ſhoots, confirms Borelli's 
opinion, who, in his book De motu Anima- 
lium, Part ſecond, Chap. 13, ſuppoſes the 
tender growing ſhoot to be diſtended, like 
ſoft wax, by the expanſion of the moiſture 
in the ſpongy pith; which dilating moi- 
ſture, he with good reaſon concludes, is 
hindered from returning back, (while it 
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expands) by the ſpongineſs of the pith, with- 
out the help of valves. For, tis very pro- 
bable, that the particles of water, which im- 
mediately adhere to, and are ſtrongly im- 
bibed into, and attracted by every fibre of 
the ſpongy pith, will ſuffer ſome degree of 
expanſion, before they can be detached by 
the ſun's warmth from each attracting fibre 
and conſequently the maſs of ſpongy fibres, 
of which the pith conſiſts, muſt thereby be 
extended, 

And that the pith may be the more ſer— 
viceable for this purpoſe, nature has provi- 
ded in moſt ſhoots, a ſtrong partition at 
every knot; which partitions ſerve not only 
as plinths or abutments for the dilating pith 
to exert its force on, but alſo to prevent the 
rarefied ſap's too free retreat from the pith, 
as well as for the ſhooting forth of branches, 
leaves, and iruit, 

But a dilating ſpongy ſubſtance, by equally 
expanding itſelf every way, would not pro- 
duce an oblong ſhoot, but rather a globoſe 
one, like an apple; to prevent which incon- 
venience we may obſerve, that nature has 
provided ſeveral diaphragms, beſides thoſe 
ot cach knot, which are placed at {mall dii- 
tances acrois the pith, thereby preventing 

| 2 its 
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its too great lateral dilatation. Theſe are very 
plain to be ſeen in walnut-tree ſhoots: and 
the ſame we may obſerve in the pith of the 
branches of the ſun-flower, and of ſeveral 
other plants; where tho' theſe diaphragms 
are not to be diſtinguiſhed, while the pith is 
full and replete with moiſture, yet when it 
dries up, they are often plain to be ſeen: and 
it is further obſerved, that where the pith 
conſiſts of diſtin veſicles, the fibres of thoſe 
veſicles are often found to run horizontally, 
whereby they can the better reſiſt the too 
great lateral dilatation of the ſhoot. 

Me may obſerve that nature makes uſe of 
the ſame artifice in the growth of the feathers 
of birds, which is very viſible in the great pi- 
nion feathers of the wing, the ſmaller and 
upper part of which is extended by a ſpongy 
pith, but the lower and bigger quill-part by a 


ſeries of large veficles, which when replete. 


with dilating moiſture, do extend the quill, 
and keep it in a ſupple ductile ſtate ; but when 
the quill is full grown, theſe veſicles are al- 
ways dry: in which {tate we may plainly ob- 
ſerve every veſicle to be contracted at each end 
by a diaphragm or ſphincter, whereby its 
too great lateral dilatation 1s prevented, but 
not its diſtenſion lengthwiſe. 

| And 
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And as this pith in the quill grows dry and 
uſeleſs after the quill is full-grown, we may 
obſerve the ſame in the pith of trees, which 
is always ſucculent, and full of moiſture, while 
the ſhoot is growing, by the expanſion of 
which the tender ductile ſhoot is diſtended in 
every part, its fibres being at the ſame time 
kept ſupple by this moiſture; but when each 
year's ſhoot is full grown, then the pith gra- 
dually dries up, and continues for the future 
dry and kecſey, its veſicles being ever after 
empty, nature always carefully providing for 
the ſucceeding year's growth, by preſerving a 
tender ductile part in the bud replete with 
ſucculent pith. 

And as in vegetables, ſo doubtleſs in ani- 
mals, the tender ductile bones of young ani- 
mals are gradually increaſed in every part, that 
is not hardened and oſſified; but ſince it was 
inconſiſtent with the motion of the joints to 
have the ends of the bones ſoft and ductile, as 
in vegetables, cherefore nature makes a won- 
derful provition for this at the glutinous ſer- 
rated ioini g of the heads to the ſhanks of the 
bonds; which jcintug wulle it continues duce 
tile, the animal grows; but when it offifics, 
then the animal can no longer grow: as I 
was aſſured by the following experiment, vi. 

2 2 I took 
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I took a half-grown chick, whoſe leg-bone 
was then two inches long ; with a ſharp- 
pointed iron, at half an inch diſtance, I pierced 
two ſmall holes thro' the middle of the ſcaly 
covering of the leg and ſhin-bone; two months 
after I killed the ch:ch, and upon laying the 
bone bare, I found on it obſcure remains of 
the two marks I had made at the ſame di- 
ſtance of half an inch: ſo that that part of the 
bone had not at all diſtended lengthwiſe, ſince 
the time that I marked it; notwithſtanding 
the bone was in that time grown an inch 
more in length, which growth was moſtly at 
the upper end of the bone, where a wonder- 
ful proviſion is made for its growth at the 
Joining of its head to the ſhank, called by 
anatomiſts /ymphy/es. 

And as the bones grow in length and fize, 
ſo muſt the membranous, the muſcular, the 
nervous, the cartilaginous and vaſcular fibres 
of the animal body neceſſarily extend and ex- 
pand, from the ductile nutriment which na- 
ture furniſhes every part withal; in which 
reſpects animal bodies do as truly vegetate as 
do the growing vegetables: whence it muſt 
needs be of the greateſt conſequence, that the 
growing animal be ſupplied with proper nou- 
riſhment for that purpoſe, in order to form a 
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ſtrong athletick conſtitution ; for when grow- 
ing nature 1s deprived of proper materials for 
this purpoſe, then is ſhe under a neceſſity of 
drawing out very flender threads of life, as is 
too often the caſe of young growing perſons, 
who, by indulging in ſpirituous liquors, or 
other exceſſes, do thereby greatly deprave the 
nutritive ductile matter, whence all the diſ- 
tending fibres of the body are ſupplied. 

Since we are by theſe experiments aſſured, 
that the longitudinal fibres and ſap- veſſels of 
wood in its firſt year's growth, do thus diſtend 
in length by the extenſion of every pzrt; and 
ſince nature in ſimilar productions makes ule 
of the ſame, or nearly the {ime methods, 
theſe conſiderations make it not unreaſonable 
to think, that the ſecon 4 and following years 
additional ringlets of wood are not formed 
by a merely horizontal dilatation of the veſ- 
ſels; for it is not eaſy to conceive, how lon- 
gitudinal fibres and tubular ſap-veſſels ſhould 
thus be formed, but rather by the ſhooting 
of the longitudinal tubes and fibres length- 
ways from thoſe of the laſt year's wood, 
whereby there is a free communication main- 
tained between theſe and che ſap-veſicis of all 
the preceding year's growth. The obicrva- 
tions on the manner of the growth of the 
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ringlets of wood in Exper. 46. (Fig. 30.) do 
further confirm this. 

But whether it be by an horizontal or lon- 
gitudinal ſhooting, we may obſerve that na- 
ture has taken great care to keep the parts be- 
tween the bark and wood always very ſupple 
with ſlimy moiſture; from which ductile 
matter the woody fibres, velicles, and buds are 
formed. 

Thus we ſce that nature, in order to the 
production and growth of all the parts of ani- 
mals and vegetables, prepares her ductile mat- 
ter; in doing of which the ſelects and com- 
bines particles of very different degrees of 
mutual attraction, curiouſly proportioning the 
mixture according to the many different pur- 
poſes ſhe deſigns it for; citlier for bony or 
more lax fibres of very different degrees in 
animals, or whether it be for the forming of 
woody or more ſoſt fibres of various kinds in 
vegetables. 

The great variety of which different ſub- 
ſtances in the ſame vegetable prove, that there 
are appropriated veſſels for conveying very dif- 
ferent ſorts of nutriment. And in many ve- 
getables ſome of thoſe appropriate velicls are 
plainly to be ſcen replete either with milky, 
yellow, or red nutriment. 
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Dr. Keill, ia his account of animal ſecre- 
tion, page 49, obſerves, that where nature 
intends to ſeparate a viſcid matter from the 
blood, ſhe contrives very much to retard its 
motion; whereby the inteſtine motion of the 
blood being allayed, its particles can the bet- 
ter coaleſce in order to form the viſcid ſecre- 
tion. And Dr. Grew, before him, obſerved 
an inſtance of the ſame contrivance in vege- 
tables, where a ſecretion 1s intended, that is 
to compoſe a hard ſubſtance, vg. in the ker- 
nel or ſeed of hard ſtone fruits, which does 
not immediately adhere to, and grow from 4 
the upper part ot the ſtone, which would be . 
the ſhorteſt and neareſt way to convey nou- i 
riſhment to it ; but the fingle umbilical veſ- vj 
ſel, by which the kernel is nouriſhed, fetches 7 
a compaſs round the concave of the ſtone, and 
then enters the kernel near its cone ; by which 
artifice this veſſel being much prolonged, the 
motion of the ſap is thereby retarded, and a 
viſcid nutriment conveyed to the ſeed, which 
turns to hard ſubſtance. 

The like artifice of nature we may obſerve 
in the long capillary fibrous veſſels, which lie 
between the green hull and the hard ſhell of | 
the walnut, which are analogous to the 1 
fibrous mace of nutmegs, the ends of whoſe 4 
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hairy fibres are inſerted into the angles of the 
furrows of the walnut-{heil: their uſe is 
therefore doubtleſs to carry in thote long di- 
ſtinct veſſels the very viſcous matter, which 
turns, when dry, to a hard ſhell; whereas, 
were the ſhell immediately nouriſhed from 
the ſoit pulpous hull that furroands it, it would 
certainly be of the ſame ſoft conſtitution, the 
uſe of the hull being only to keep the ſhell 
in a ſoft ductile lute , Ull the nut has done 
growing. 

We may obſerve the like effect of a flower 
motion of the ſap in ever-greens, which per- 
ſpiring little, their ſap moves much more 
flowly than in more perſpiring trees, and is 
therefore much more viſcid, whereby they 
are better enabled to out-live the winter's cold, 
It is obſerved, that the ſap of ever-greens in 
hot countries is not ſo viſcous as the ſap of 
more northern ever-greens, as the fir, &c. for 
the ſap in hotter countries muſt have a briſker 
motion, by means of its greater perſpiration. 


EXPERIMENT CXXIV. 


In order to inquire into the manner of the 
expanſion of leaves, I provided a little oaken 
board or ſpatula, @ 6 d, of this ſhape and 

2 ſize 
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fize (Fig. 43.) ; through the broad part, at a 


quarter of an inch diſtance from each other, 
I run the points of 25 pins x x, which ſtood 
z inch thro”, and divided a ſquare inch into 
16 equal! parts. 

With this inſtrument in the proper ſeaſon, 
when leaves were very young, I pricked ſe- 
veral of them thro” at once with the points of 
all theſe pins, dipping them firſt in the red- 
lead, which made laſting marks. 

(Fig. 44.) repreſents the ſhape and ſize of 
a young fig-leaf, when firſt marked with red 
points, à inch diſtance from each other. 

(Fig. 45.) repreſents the ſame full-grown 
leaf, and the numbers anſwer to the correſ- 
ponding numbers in the young leaf; where- 
by may be ſeen how the ſeveral points of the 
growing leaf were ſeparated from each other, 
and in what proportion, v2. from a quarter 
of an inch to about three quarters of an inch 
diſtance. 

In this experiment we may obſerve, that 
the growth and expanſion of the leaves is ow- 
ing to the dilatation of the veſicles in every 
part, as the growth of a young ſhoot was 
ſhewn to be owing to the ſame cauſe in the 
foregoing experiment, and doubtleſs the caſe 
is the ſame in all fruits, 
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If theſe experiments on leaves were further 
purſued, there might probably be many cu- 
rious obſervations made in relation to the 
ſhape of leaves, by obſerving the difference 
of the progreſſive and lateral motions of theſe 
points in different leaves, that were of very 
different lengths in proportion to their 
breadths. 

That the force of dilating ſap and air inclu- 
ded in the innumerable little veſicles of young 
tender ſhoots and leaves, is abundantly ſuffi- 
cient for the extending of ſhoots, and expand- 
ing of leaves; we have evident proof from 
the great force we find in the ſap of the vine, 
Chap. 3, and from the vaſt force with which 
inſinuatiug moiſture expanded the peas. Ex- 
per. 32, we ſce the great power of expanding 
water, when heated in the engine to raiſe wa- 
ter by fire; and water with air and other ac- 
tive particles in capillary tubes, and innume- 
rable ſmall veſicles, do doubtleſs act with a 
great force, tho' e handed with no more heat 
than what the ſun's warmth gives them. 

And thus we fee that nature exerts a con- 
ſiderable, tho' ſecret and filent power, in car- 
rying on all her productions; which demon- 
ſtrates the wiſdom of the Author of nature, 
in giving ſuch due proportion and direction 

to 
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to theſe powers, that they uniformly concur to 
the production and perfection of natural be- 
ings; whereas, were ſuch powers under no 
guidance, they muſt neceſſarily produce a 
chaos, inſtead of that regular and beautiful 
ſyſtem of nature which we ſee. 

We may plainly ſee the influence of the 
ſun's warmth in expanding the ſap in all the 
parts of vegetables, as well in the roots as 
the body that is above-ground, by the influ- 
ence it has on the fix thermometers, deſcribed 
under Exper. 20, five of which were fixed at 
different depths, from two inches to two feet 
under-ground, the other being expoſed to the 
open air. 

When, in the greateſt noon-tide heat, the 
ſpirit of that which was expoſed to the ſun 
was riſen, ſince the early morning, from 21 to 
4.8 degrees, then the ſpirit in the ſecond ther- 
mometer, whoſe ball was two inches under- 
ground, was at 45 degrees ; and the 3d, 4th, 
and 5th thermometers were gradually of leſs 
and leſs degrees of heat, as they were placed 
lower in the ground to the fixth thermome- 
ter, which was two feet under-ground, in 
which the ſpirit was 31 degrees high. In 
this ſtate of heat on all the parts of the ve. 
getable, we ice the ſun muſt have a very con- 
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ſiderable inflaence in expanding the ſap in 
all irs parts. The warmth was much greater 
on the body above-ground, than on the 
roots which were two feet deep; thoſe 
roots, and parts of roots, which are deepeſt, 
as they feel much leſs of the ſun's warmth, 
ſo are they not ſo ſoon, nor ſo much affected 
by the alternacics of day and night, warm 
and cold : but that part of vegetables which 
is above-ground, mult have its ſap conſider- 
ably, rare fied, when the heat increaſed from 
morning to two o'clock afternoon, ſo much 
as to raiſe the ſpirit in the firſt thermometer 
from 21 to 48 degrees above the freezing 
point. | | | 

When in the coldeſt days of the winter 
1724, the froſt was fo intenſe as to freeze the 
ſurface of ſtagnant water near an inch thick, 
then the ſpirit in the thermometer, which was 
expoſed to the open air, was fallen four de- 
grees below the {reezing point; the ſpirit of 
that whoſe ball was two inches under-ground, 
was four degrees above the freezing point; 
the zd, 4th, aud 5th thermometers were pro- 
portionably fallen leſs and leſs, as they were 
deeper, to the 6th thermometer; which being 
two feet under-ground, the ſpirit was ten 
degrees above the freezing point, In this 


ſtate 
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ſtate of things the work of vegetation ſeemed 
to be wholly at a ſtand, at leaſt within the 
reach of the froſt. 

But when the cold was ſo far relaxed, as 
to have the ſpirit in the firſt thermometer but 
five degrees above the freezing point, the ſe- 
cond 8 degrees, and the fixth 13 degrees, 
tho” it was ſtil] very cold, yet this being ſome 
advance from freezing towards warm, and 
there being conſequently ſome expanſion of 
the ſap, ſeveral of the hardy vegetables grew, 
vig. ſome ever-greens, ſnow- drops, crocus's, 
&c. which for werd hardy plants do probably 
partake much of the nature of ever-greens in 
perſpiring little; and the motion of their ſap 
being conſequently very flow, it will become 
more viſcous, as in ever-greens, and thereby 
the better able to reſiſt the winter's cold; 
and the ſmall expanfive force which this 
ſap acquires in the winter, is moſtly exerted 
in extending the plant, little of it being 
waſted in proportion to the ſummer's per- 
ſpirauon, | 

Supported by the evidence of many of the 
foregoing experiments, I will now trace the 
vegetation of a tree from its firſt ſ-minal 
plaht in the feed to its full maturity ard pro- 
duction of other feeds, without eiſtering into 


a par- 


350 OF VEGETATION. 


a particular deſcription of the ſtructure of the 
parts of vegetables, which has already been 
accurately done by Dr. Grew and Malpighi. 

We ſce by Exper. 56, 57, 58, on diſtilled 
wheat, peas, and muſtard- ſeed, what a won- 
derful proviſion nature has made, that the ſeeds 
of plants ſhould be well ſtored with very ac- 
tive principles, which principles are there 
compacted together by Him, who curiouſly 
adapts all things to the purpoſes for which 
they are intended, with ſuch a juſt degree 
of coheſion, as retains them in that ſtate till 
the proper ſeaſon of germination : for if they 
were of a more lax conſtitution, they would 
too ſoon diſſolve, like the other tender annual 
parts of plants; and if they were more firm- 
ly connected, as in the heart of oak, they 
muſt neceſſarily have been many years in ger- 
minating, though ſuppled with moiſture and 
warmth, 

When a ſeed is ſown in the ground, in a 
few days it imbibes ſo much moiſture, as to 
ſwell with very great force; as we ſee in 
the Experiment on peas in an iron pot, 
this forcible ſwelling of the lobes of the 
ſeed ar, ar, (Fig. 46.) does probably pro- 
trude moiſture and nouriſhment from the 


capillary Fefſels r v, which are called the 
ſeed- 
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ſeed-roots, into the radicle c z d, which 
radicle, when it has ſhot ſome length into 
the ground, does then imbibe nouriſhment 
from thence ; and after it has acquired ſuf- 
ficient ſtrength, as this tender ductile root 
is extending from ⁊ to c, it muſt neceſſa- 
rily carry the expanding ſeed-lobes upwards, 
at the ſame time that the dilating from ⁊ to 
d makes it ſhoot downwards ; and when 
the root is thus far grown, it ſupplies the 
plume 5 with nouriſhment, which thereby 
ſwelling and extending, open the lobes a , 
a r, which are at the ſame time raiſed 
above ground with the plume ; where they, 
by expanding and growing thinner, turn to 
green leaves (except the ſeeds of the pulſe 
kind); which leaves are of ſuch importance 
to the yet tender plume, that it periſhes, or 
will not thrive if they are pulled off; which 
makes it probable, that they do the ſame 
office to the plume, that the leaves adjoining 
to apples, quinces, and other fruits, do to 
them, viz. they draw ſap within the reach 
of their attraction ; ſee Exper. 8, and 30. 
But when the plume is ſo far advanced in 
growth, as to have branches and expanded 
leaves to draw up nowiſhment ; then theſe 
ſupplemental ſeminal leaves, @ 7, ar, being of 

no 
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no farther uſe, do periſh ; not only becauſe 


the now grown and more expanded leaves 
of the young plant or tree do ſo over-ſhadow 
the ſupplemental leaves, that their former 
more plentiful perſpiration is much abated, 
and thereby alſo their power of attracting ſap 
fails; but alſo, becauſe the ſap is drawn from 
them by the leaves, and they being thus de- 
prived of nouriſhment, do periſh. 

As the tree advances in ſtature, the firſt, 
ſecond, third, and fourth order of lateral 
branches ſhoot out, each lower order being 
longer than thoſe immediately above them; 
not only on account of primogeniture, but 
alſo, becauſe being inſerted in larger parts of 
the trunk, and nearer the root, they have the 
advaiitage of being ſerved with greater plenty 
of ſap, whence ariſes the beautiful parabo- 
lical figure of trees, 

But when trees ſtand thick together in 
woods or groves, this their natural ſhape is 
altered, becauſe the lower lateral branches 
being much ſhaded, they can perſpire little; 
and therefore drawing little nouriſhment, they 
periſh ; but the top branches being ex- 
poſed to a free drying air, they perſpire 
plentifully, and thereby drawing the ſap to the 
top. they advance much in height: but vice 


verſa, 
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vers, if, when ſuch a grove of tall trees is 
cut down, there be left here and there a ſingle 
tree, that tree will then ſhoot out lateral 
branches ; the leaves of which branches now 
perſpiring freely, will attract plenty of ſap, 
on which account the top being deprived of 
its nouriſhment, it uſually dies. 

And as trees in a grove or wood grow 
only in length, becauſe all the nouriſhment 
is by the leaves drawn to the top, moſt of 
the ſmall lateral ſhaded branches in the mean 
time periſhing for want of perſpiration and 
nutrition; ſo the caſe is the very ſame in the 
branches of a tree, which uſually making an 
angle of about 45 degrees with the ſtem of the 
tree, do thereby beautifully fill up, at equal 
and proper diſtances, the ſpace between the 
lower branches and the top of the tree, form- 
ing thereby, as it were, a parabolical grove or 
thicket, which ſhading the arms, the ſmo: 
lateral ſhoots of thoſe arms uſually periih ior 
want of due perſpiration ; and therefore the 
arms continue naked like the bodies of tres 
in a grove, all the nouriſhment being drawn 
up to the tops of the ſeveral branches by lie 
leaves which are there expoſed to the wa: m 
ſun, and free drying air, whereby the branches 
of trees expand much. 


A a And 
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And where the lateral branches are very 
vigorous, ſo as to make ſtrong ſhoots, and 
attract the nouriſhment plentifully, there the 
tree uſually abates in its height: but where 
the tree prevails in height, as in groves, there 
commonly its lateral branches are ſmalleſt. 
So that we may look upon a tree as a com- 
plicated engine, which has as many different 
powers as it has arms and branches, each 
drawing from their common fountain of life 
the root: and the whole of cach yearly growth 
of the tree will be proportionable to the ſum 
of their attracting powers, and the quantity 
of nouriſhment the root affords : but this at- 
tracting power and nouriſhment will be more 
or leſs, according to the different ages of the 
tree, and the more or leſs kindly ſeaſons of the 
year. 


And the proportional growth of their late- 


tal and top branches, in relation to each other, 
will much depend on the difference of their 
ſeveral attracting powers. If the perſpiration 
and attraction of the lateral branches is little 


or nothing, as in woods and groves, then the 


top branches will mightily prevail; but when 
in a free open air the perſpiration and attrac- 
tion of the lateral branches comes nearer to 
an equality with that of the top, then are the 

aſpirings 
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aſpirings of the top branches greatly checked. 
And the caſe is the ſame in moſt other vege- 
tables, which, when they ſtand thick together, 
grow much in length with very weak lateral 
ſhoots. 

And as the leaves are thus ſerviceable in 
promoting the growth of a tree, we may ob- 
ſerve that nature has placed the petals of the 
leaves-ſtalks where moſt nouriſhment is want- 
ing, to produce leaves, ſhoots and fruit; and 
ſome ſuch thin leafy expanſion is ſo neceſſary 
for this purpoſe, that nature provides ſmall 
thin expanſions, which may be called pri- 
mary leaves, that ſerve to protect and draw 
nouriſhment to the young ſhoot and leaf-buds, 
before the leaf itſelf is expanded. 

And herein we ſce the admirable contri- 
vance of the Author of nature in adapting 
her different ways of conveying nouriſhment 
to the different circumſtances of her produc- 
tions. For in this embryo-ſtate of the buds 
a ſuitable proviſion is made to bring nouriſh- 
ment to them in a quantity ſufficient for their 
then ſmall demands : but when they are in 
ſome degree increaſed and formed, a much 
greater quantity of nouriſhment is neceſſary, 
in proportion to their greater increaſe : na- 
ture, that ſhe may then no longer ſupply with 

A a 2 a 


355 OF VEGETATION. 


a ſcanty hand, immediately changes her me- 
thod, in order to convey nouriſhment with 
a more liberal hand to her productions; 
which ſupply daily increaſes by the greater 
expanſion of the leaves, and conſequently the 
more plentiful attraction and ſupply of ſap, 
as the greater growth and demand for it in- 
creaſes, 

We find a much more elaborate and beau- 
tiful apparatus, for the like purpoſe, in the 
curious expanſions of bloſſoms and flowers, 
which ſeem to be appointed by nature not 
only to protect, but alſo to draw and convey 
nouriſhment to the embryo fruit and ſeeds. 
But as ſoon as the calix is formed into a 
ſmall fruit, now impregnated with its minute 
ſeminal tree, furniſhed with its ſecundine, 
corion and ammon, (which new-ſet fruit may, 
in that ſtate, be looked upon as a com- 
plete egg of the tree, containing its young 
unhatched tree, yet in embryo) then the bloſ- 
ſom falls off, leaving this new-formed egg, 
or firſt ſet-fruit, in this infant-ſtate, to im- 
bibe nouriſhment ſufficient for itſelf, and the 
fetus with which it is impregnated : which 
nouriſhment is brought within the reach 


and power of its ſuction by the adjoining 
leaves, 


It 
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If I may be allowed to indulge conjecture 
in a caſe which the moſt diligent inquirers 
are as yet, after all their laudable reſearches, 
advanced but little farther than mere con- 
jecture, I would propoſe it to their conſidera- 
tion, whether from the manifeſt proof -we 
have that ſulphur ſtrongly attracts air, a hint 
may not be taken, to conſider whether this 
may not be the primary uſe of the Farina 
fecundans, to attract and unite with itſelf 
elaſtick or other refined active particles, That 
this Farina abounds with ſulphur, and that 
a very refined ſort, is probable, from the 
ſubtle oil which chymiſts obtain from ſaf- 
fron. And if this be the uſe of it, was it 
poſſible that it could be more aptly placed 
for the purpoſe, than on very moveable aprces 
fixed on the ſlender points of the mina, 
whereby it might eaſily, with the leaſt breath 
of wind, be diſperſed in the air, thereby ſur- 
rounding the plant, as it were, with an at- 
moſphere of ſublimed ſulphureous pounce ? 
(for many trees and plants abound with it) 
which uniting with the air-particles, they, 
or a very ſublimed ſpirit from them, may, 
perhaps, be inſpired or imbibed in ſeveral 
parts of the plant, and eſpecially at the Hi.. 
lum, and be thence conveyed to the capſula 

A a 3 ſemi nalis, 


2638 OF VEGETATION, 


ſeminalis, eſpecially towards evening, and in 
the night, when the beautiful petala of the 
flowers are cloſed up, and they, with all the 
other parts of the vegetable, are in a ſtrongly 
imbibing ſtate. And if to theſe united ſul- 
phureous and aereal particles, we ſuppoſe 
ſome particles of light to be joined, (for Sir 
Iſaac Newton has found, that ſulphur attracts 
light ſtrongly) then the reſult of theſe three, 
by far the moſt active principles in nature, 
will be a punctum ſaliens, to invigorate the 
ſeminal plant: and thus we are at laſt con- 
ducted, by the regular analyſis of vegetable 
nature, to the firſt enlivening principle of 
their minuteſt origin, 


The Concluſion, 
E have, from the foregoing expe- 


riments, many proofs of the very 
great and different quantities of moiſture im- 
bibed and peripired by different kinds of trees, 
and alſo of the influence the ſeveral ſtates of 
the air, as to warm or cold, wet or dry, have 
on that perſpiration. We ſee alſo what ſtores 
of moiſture nature has provided in the earth 
againſt a dry ſeaſon, to anſwer this great ex- 
pence of it in the production and ſupport of 
vegetables; how far the dew can contribute 


to 
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to this ſupply, and how inſufficient its ſmall 
quantity is towards making good the great 
demands of perſpiration: and that plants can 
plentifully imbibe moiſture thro' their ſtems 
and leaves, as well as perſpite it. 

We ſee with what degrees of warmth the 
ſun, that kindly natural genius of vegetation, 
acts on the ſeveral parts of vegetables, from 
their tops down to their roots two feet under 
ground. 

We have alſo many proofs of the great 
force with which plants, and their ſeveral 
branches and leaves imbibe moiſture up their 
capillary ſap-veſſels: the great influence the 
perſpiring leaves have in this work, and the 
care nature has taken to place them in ſuch 
order, and at ſuch proper diſtances, as may 
render them moſt ſerviceable to this purpoſe, 
eſpecially in bringing plenty of nouriſhment 
to the young growing ſhoots and fruit, whoſe 
ſtem is uſually ſurrounded with them near the 
fruit's inſertion into the twig, 

We ſee here too, that the growth of ſhoots, 
leaves and fruit, conſiſts in the extenſion of 
every part; for the effecting of which, nature 
has provided innumerable little veſicles, which 
being replete with dilating moiſture, it does 
thereby powerfully extend, and drayy out every 
ductile part, a a 4 We 
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We have here alſo many inſtances of the 
great force of the aſcending ſap in the vine in 
the bleeding ſeaſon; as alſo of the ſap's freely 
either aſcending or deſcending, as it ſhall hap- 
pen to be drawn by the perſpiring leaves ; and 
alſo of its ready lateral motion through the 
laterally communicating ſap-veſſels; together 
with many proofs of the great plenty of air 
drawn in and mixed with the ſap, and incor- 
porated into the ſubſtance of vegetables. 

It therefore theſe experiments and obſerva- 
tions give us any farther infight into the nature 
of plants, they will then doubtleſs be of ſome 
uſe in agriculture and gardening, either by ſer- 
ving to rectify ſome miſtaken notions, or by 
helping farther to explain the reaſons of ma- 
ny kinds of culture, which long repeated ex- 
perience has found to be good, and perhaps 
by leading us to make ſome advances therein : 
but as it requires a long ſeries and great vari- 
ety of frequently repeated experiments and ob- 
ſervations to make a very ſmall advance in 
the knowledge of the nature of vegetables, ſo 
proportionably we are from thence only to 
expect ſome gradual improvements in the 
culture of them. 

The ſpecifick differences of vegetables, 
which ar all ſuſtained and grow from the 

ſame 
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ſame nouriſhment, is doubtleſs owing to the 
very different formation of their minute veſ- 
ſels, whereby an almoſt jnfinite variety of 
combinations of the common principles of ve- 
getables is made; whence ſome abound more 
with ſome principles, and ſome with others. 
Hence ſome are of a warmer and more ſul- 
phureous, others of a more watry, ſaline, and 
therefore colder nature; ſome of a morc firm 
and laſting, others of a more lax and periſh- 
able conſtitution. Hence alſo it is that ſome 
plants flouriſh beſt in one climate, and others 
in another; that much moiſture is kindly to 
ſome, and hurtful to others; that ſome re- 
quire a ſtrong, rich, and others a poor, ſandy 
ſoil ; ſome do beſt in the ſhade, and others in 
the ſun, &c. And could our eyes attain to 
a ſight of the admirable texture of the parts on 
which the ſpecifick differences of plants de- 


pend, what an amazing and beautiful ſcene of 


inimitable embroidery ſhould we behold? what 
a variety of maſterly ſtrokes of machinery? 
what evident marks of conſummate wiſdom 
ſhould we be entertained with? 

We may obſerve that the conſtitution af 
plants is curiouſly adapted to the preſent ſtate 
of things, ſo as to be the moſt flouriſhing and 
vigorous in a middle ſtate of the air, vis. 

| 3 when 
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when there is a due mixture and proportion 
of warm and cold, wet and dry; but when 
the ſeaſons deviate far to any extreme of 
theſe, then are they leſs or more injurious to 
the ſeveral forts of vegetables, according to 
the very different degrees of hardineſs, or 
healthy latitude they enjoy. 

The different ſeaſons in which plants thrive 
beſt, ſeem to depend, among other cauſes, on 
the very different quantities imbibed and per- 
ſpired by different kinds of plants. Thus 
the ever-greens perſpiring little, and having 
thereby a thick, viſcid, oily ſap, they can the 
better endure the winter's cold, and ſubſiſt 
with little freſh nouriſhment : they ſeem 
many of them to flouriſh moſt in the tem- 
perate ſeaſons of the year, but not fo well 
in the hotteſt part of ſummer, becauſe their 
perſpiration is then ſomewhat too great, in 
proportion to the ſlow aſcent of the ſap, which 
makes ſome of them at that ſeaſon to abate 
of their vigour: thus ſome plants, which grow 
and thrive with the flow perſpiration of Ja- 
nuary and February, periſh as the ſpring ad- 
vances, and the warmth and perſpiration is 
too great for them. And thus garden peas 
and beans, which are ſown in what is found 
to be their proper ſeaſon, viz, in November, 
Janu- 
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January, or February, tho' they make but a 
flow progreſs in their growth upwards, du- 
ring the cold ſeaſon, yet their roots, as alſo 
thoſe of winter corn, do in the mean time 
ſhoot well into the warmer earth, ſo as to be 
able to afford plenty of nouriſhment when 
the ſeaſon advances, and there is, greater de- 
mand of it both for nutrition and perſpira- 
tion, But when peas are ſown in June, in 
order for a crop in September, they rarely 
thrive well, unleſs in a cool moiſt ſummer, 
by reaſon of the too great perſpiration cauſed 
by the ſummer's heat, which drics and hardens 
their fibres before they are full grown. 

Tho' we have from theſe experiments, 
and from common obſervation, many proofs 
of the great expanſive force, with which the 
fibrous roots of plants ſhoot, yet the leſs re- 
ſiſtance theſe tender ſhoots meet with, the 
greater progreſs they will certainly make in 
equal times : and therefore one conſiderable 
uſe of fallowing and trenching ground, and 
of mixing therewith ſeveral forts of com- 
poſt, as chalk, lime, marle, mould, &c. is not 
only thereby to repleniſh it with rich manure, 
but alſo to looſen and mellow the ſoil, not 
only that the air may the more eaſily pene- 
trate to the roots, but alſo that the roots may 

the 
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the more readily make vigorous ſhoots, 
And the greater proportion the ſurface of the 
roots bears to the ſurface of the plants above- 
ground, ſo much the greater quantity of nou- 
riſhment they will afford; and conſequently 
the plants will be the more vigorous, and 
better able to weather it out, againſt un- 
kindly ſeaſons, than thoſe plants whoſe roots 
have made much ſhorter ſhoots. Herein 
therefore conſiſts the great care and ſkill of 
the huſbandman, to adapt his different ſorts of 
huſbandry to the very different, ſoils, ſeaſons, 
and kinds of grain; that the ſeveral ſorts of 
earth, from the very ſtiff and ſtrong ground, 
to the looſe light earths, may be wrought to 
the beſt temper they are capable of, for the 
kindly ſhooting and nouriſhing of the roots. 
And probably the huſbandman might get 
many uſeful hints to direct him in adapting 
the ſeveral kinds of manure, and different 
ſorts and ſeaſons of culture, to his different 
ſoils and grains, if in the ſeveral ſtages and 
growth of his corn he would not only 
make his obſervations on what appears above- 
ground, but would alſo frequently dig up, 
compare and examine the roots of plants 
of each ſort, ' eſpecially of thoſe which 
grew in different ſoils, and were any how 

cul- 
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cultivated in a different manner from each 
other; this would inform them alſo, whether 
they ſowed their corn too thick or too thin, 
by comparing the branchings and extent of 
each root, with the ſpace of ground allotted 
it to grow in. 

And ſince we find ſo great a quantity of air 
inſpired and mixed with the ſap, and wrought 
into the ſubſtance of vegetables, the advan- 
tage of plowing and fallowing ground ſeems 
to ariſe not only from the killing the weeds, 
and making it more mellow, for the ſhoot- 
ing of the roots of corn; but is thereby alſo 
the better expoſed to have the fertilizing, 
ſulphureous, aereal, and acid particles of the 
air mixed with it, which make land fruit- 
ful, as is evident from the fertility which the 
ſward or ſurface of land acquires, by being 
long expoſed to the air, without any culture 
or manure whatever, 

We have ſeen many proofs of the great 
quantities of liquor imbibed and perſpired 
by plants, and the very ſenſible influence 
which different ſtates of the air had on their 
more or leſs free perſpiration: a main inten- 
tion therefore to be attended to in the 
culture of them, is to take due care, that 
they be ſown or planted in proper ſeaſons 


and 
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and ſoils, ſuch as will afford them their due 


proportion of nouriſhment; which ſoils, as 
they are exhauſted, muſt, as it is well known, 
from time to time, be repleniſhed with freſh 
compoſt, ſuch as is full of ſaline, ſulphu- 
reous and aereal particles, with which com- 
mon dung, lime, aſhes, ſward, or burn-bated 
turf abound ; as alſo ſuch manures, as have 
nitrous and other ſalts in them: for though 
neither nitre nor common ſalt be found in 
vegetables, yet ſince they are obſerved to pro- 
mote fertility, it is reaſonable to conclude, 
that their texture is greatly altered in vege- 
tation, by having their acid volatile ſalts ſe- 
parated from the attracting central air and 
earthy particles, and thereby making new 
combinations with the nutritive juice ; and 
the probability of this is further confirmed, 
from the great plenty of air and volatile 
falt, which is found ia another combination 
of them, vig. in the tartar of fermenting 
liquors: for it is the opinion of chymiſts, 
that there is but one volatile ſalt in na- 
ture, out of which all other kinds of ſalts are 
formed by very difterent combinations ; all 
which nutritive principles do, by various com- 
binations of the cultivated earth, compoſe 
that nutritive ductile matter, out of which the 
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parts of vegetables are formed, and without 
which the watery vehicle alone cannot render 
a barren ſoil fruitful, 

Nor is this the only care: the thriving 
and fertility of plants and trees depend 
much upon the happy influence and concur- 
rence of a great variety of other circum- 
ſtances. Thus many trees are unfruitful by 
being planted too deep, whereby their roots 
being in too moiſt a ſtate, and too far from 
the proper influence of the ſun, whoſe power 
greatly decreaſes, the deeper we go, as we ſee 
in Experiment 20, they imbibe too much 
crude moiſture, which, though productive of 
wood, is yet unkindly for fruit, 

Or if, when not planted too deep, they are 
full of crude ſap, either by being too luxu- 
rious, or too much ſhaded; or are planted in 
a moiſt, when they delight in a dry ſoil, then 
the ſap is not ſo ſufficienly digeſted by the ſun's 
warmth, as to be in that ductile ſtate, which 
is proper for the producing of fruit. 

And thus the vine, which is known to 
thrive well in a dry, gravelly, rocky ſoil, 
will not be ſo iruitful in a moiſt, ſtiff, clay 
ground: and accordingly we may obſerve 
in Experiment 3, that tho' the vine imbibed 
and perſpired more than the ever-green, yet 
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it perſpired leſs than the apple-tree, which 
delights in, and bears beſt in a ſtrong brick- 
earth clay; for though the vine bleeds moſt 
freely in its ſeaſon, produces many long ſuc- 
culent ſhoots, and bears great plenty of a very 
Juicy fruit, yet from that Experiment it is 
plain, that it is not a great perſpirer, and 
therefore thrives beſt in a dry, rocky, or gra- 
velly ſoil. 

The confiderable quantity of moiſture, 
which by Exper. 16, is perſpired from the 
branches of trees, during the cold winter ſea- 
ſon, plainly ſhews the reaſon why, in a long 
ſeries of cold north- eaſterly winds, the bloſ- 
ſoms, and tender young-ſct fruit and leaves, 
are in the early ſpring ſo frequently blaſted, 
vg. by having the moiſture exhaled faſter 
than it can be ſupplied from the trees: for 
doubtleſs that moiſture riſes the flower from 
the root, the colder the ſeaſon is, tho' it riſes 
in ſome degree all the winter, as is evident 
from the ſame Experiment, 

And from the ſame cauſe it 1s, that the 
leafy ſpires of corn are, by theſe cold drying 
winds, often faded and turned yellow; which 
makes the huſbandman on theſe occaſions, 
wiſh for ſnow ; which tho! it be very cold, yet 
it not only defends the root from being frozen, 
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but alſo ſcreens the corn from theſe drying 
winds, and keeps it in a moiſt, florid ſupple 
ſtate, 

It ſeems therefore to be a very reaſonable 
direction, which is given by ſome of the au- 
thors who write on agriculture and gardening, 
v/z. during theſe cold drying winds, when 
little dew falls, to water the trees in dry ſoils, 
inthe bloſſoming ſeaſon, and whilethe young- 
ſet fruit is tender; and provided there is no- 
immediate danger of a froſt, or in caſe of 
continued froſt, to take care to cover the trees 
well, and at the fame time to ſprinkle them 
with water, which is imitating nature's method 
of watering every part: but if the ſucceſs of 
this practice in cold weather may be thought a 
little doubtful, yet the ſprinkling the bodies 
and leaves of trees, in a very hot and dry 
ſummer ſeaſon, ſeems moſt reaſonable; for by 
Exper. 42, they will imbibe much moiſture. 

As to ſloping ſhelters over wall-trees, I have 
often found that when they are ſo broad as to 
prevent any rain or dew coming at the trees, 
they do more harm than good, in theſe long 
eaſterly drying winds, becauſe they prevent 
the rain and dews falling on them, which 
would not only refreſh and ſupple thera, but 
alſo convey nouriſhment to them : but in the 
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caſe of ſharp froſts after ſhowers of rain, 
theſe ſhelters and other fences, muſt needs be 
of excellent uſe to prevent the almoſt total de- 
ſtruction which is occaſioned by the freezing 
of the tender parts of vegetables, when they 
are full ſaturate with rain. 

The full proof we have from theſe experi- 
ments, of the ſerviceableneſs of the leaves in 
drawing up the ſap, and the care we ſce nature 
takes in furniſhing the twigs with plenty of 
them, principally near the fruit, may inſtruct 
us onthe one hand, not to be too laviſh in pru- 
ning them off, and to be ever mindful to leave 
ſome on the branch beyond the fruit; and, on 
the other hand, to be as careful to cut off all 
ſuperfluous ſhoots, which we are affured to 
draw off in waſte great quantity of nouriſhment. 
And might it not be adviſeable, among many 
other ways which are preſcribed, to try whe- 
ther the too greatluxuriancy of a tree or branch 
could not be much checked by pulling off 
ſome of its leaves? how many, experience 
will beſt teach us; the pulling all off, will 
endanger the killing the branch or tree. 

There is another very conſiderable uſe of 
the leaves, viz. to keep the growing fruit in 
a ſupple ductile ſtate, by defending it from 
the ſun and drying winds, which by tough- 
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ning and hardening its fibres ſpoils its growth, 
when too much expoſed to them; but when 
full grown, or near it, a little more ſun is of- 
ten very needful to ripen it. In hotter climates 
fruits want more ſhade than in this country, 
and here too more ſhade is needful in a hot 
dry ſummer, than in a wet cool one. 

The conſideration of the ſtrong imbibing 
power of the branches of trees, and the rea- 
dineſs with which we ſce the ſap paſſes to and 
fro to follow the ſtrongeſt attraction, may per- 
haps give ſome uſeful hints to the gardener, 
in the pruning and thaping of his trees, in 
checking the too lvxuriant, and helping and 
encouraging the unthriving parts of trecs. 

It is a conſtant rule among gardeners, 
founded on long experience, to prune weak 
trees early in the winter, becauſe they find that 
late pruning checks them; for the ſame rea- 
ſon to prune luxuriant trees late in the ſpring, 
in order to check their luxuriancy. Now it is 
evident, that this check does not proceed from 
any conſiderable loſs of ſap at the wounds of 
the pruned tree, (excepting the caſe of a few 
bleeding trees when cut in that ſeaſon, but 
muſt ariſe from ſome other cauſe; for by Ex- 
per. 12, and 37, where mercurial gauges were 
fixed to the ſtems of freth-cut trecs, thoſe 
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wounds were conſtantly in a ſtrongly imbibing 
ſtate, except the vine in the bleeding ſeaſon. 
When a weak tree , is pruned early in the 
beginning of the winter, the orifices of the ſap- 
veſſels are cloſed up long before the ſpring, as 
is evident from many experiments in the 1ſt, 
2d, and 3d chapters: and conſequently, when 
in the ſpring and ſummer the warm weather 
advances, the attracting force of the perſpiring 
leaves is not then weakened by many inlets 
from freſh wounds, but is wholly exerted in 
drawing ſap from the root. Whereas, on the 
other hand, when a luxuriant tree is pruned 
late in the ſpring, the force of its leaves to at- 
tract ſap from the root will be much ſpent, and 
- Joſt at the ſeveral freſh-cut inlets. 

Befides, the early pruned tree being eaſed 
of ſeveral of its twigs or branches, has thereby 
the advantage of ſtanding through the whole 
winter with a head better proportioned to its 
weak root. And fince by Exper. 16, the ſap 
is found to aſcend in the winter, leſs of that 
than cold crude juice is drawn thro' the roots 
and ſtem, to ſupply the perſpiration of the re- 
maining boughs, whereby the ſap of the tree 
is probably leſs depauperated than it would 
have been, if all the boughs had remained 
on. For theſe reaſons early pruning ſhould, 
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in the main, and, excepting ſome caſes, be 
better than late. : 

And the reaſonableneſs of this practice Is 
further confirmed by the experience of ſome, 
who have found, that by pruning vines, and 
pulling all the leaves off them in September, 
as ſoon as the fruit was off, they have borne 
greater plenty of grapes than other vines, par- 
ticularly in the year 1726, when, by reaſon 
of the extreme wetneſs and coldneſs of the 
preceding ſummer, the unripe ſhoots produ- 
ced generally very little fruit. But early 
pruning ſeems to be the more preferable, be- 
cauſe pulling off the leaves may poſſibly both 
wound the adjoining bud, and injure it, by 
depriving it of the nouriſhment which the 
leaf would have brought to it. 

From many experiments in the ſecond 
Chapter, the gardener will fee with what 
force his grafts imbibe ſap from the ſtock, 
eſpecially that ductile nouriſhment from be- 
tween the bark and wood: which correſpond- 
ing parts he well knows, by conſtant expe- 
rience, muſt be carefully adapted to each 
other in grafting, thoſe grafts being oy 
beſt, whoſe buds are not far aſunder, vg. 
cauſe their expanding leaves can therclore 
draw up ſap the more vigorouſly. 
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The great quantities of moiſture, which 
we find by Exper. 12, are imbibed at wounds 
where branches are cut off, ſhews the reaſon- 
ableneſs of the caution uſed by many who are 
deſirous to preſerve their trees, ig. either by 
plaiſtering or covering with ſheet-lead the very 
large wounds of trees, to defend their trunks 
from being rotted by the ſoaking in of rain. 

And from the ſame 12th Experimenta hint 
may be taken to make fome attempts to give 
an artificial taſte to fruits by making trees im- 
bibe in the ſame manner ſome ſtrongly tinged 
or perfumed liquor, which is not ſpirituous: 
for that, we ſee, will kill the tree. I have 
made the ſtem of a branch of a trec imbibe 
two quarts of water without killing it: if any 
are deſirous to make this experiment, they 
ſhould take care to cut the ſtump which is to 
imbibe the liquor as long as they can, that 
there may be the more room, from time to 
time, to cut off an inch or two of the top, 
when it is grown {ſo ſaturate with liquor, 
that more will not pals. 

Though ever-greens are found to imbibe 
and perſpire much leſs than other trees, yet 
is the quantity they perſpire ſo conſiderable, 
that it has always been one of the greateſt dif- 
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tet in freſh air enough without expoſing the 
plants to too much cold. For fince the per- 
ſpiration of trees will not be free and kindly 
in a cloſe damp air, the ſap will be apt to 
ſtagnate, which will make the plants grow 
mouldy, or they will be ſickly, by imbibing 
ſuch damp rancid vapours: for by Mr. Miller's 
curious obſervations on the perſpiration of 
the plantain tree of the Weſt-Indies, and of 
the aloe under Exper. 5, plants will often 
imbibe moiſture in the night, as well in 
ſtoves as common green- hoaſes, without fire; 
it is certainly of as great importance to the 
life of the plants to diſcharge that infected 
rancid air, by the admittance of freſh, as it is 
to defend them from the extreme cold of the 
outward air, which will deſtroy them, if let 
in immediately upon them. It ſeems there- 
fore to be a very reaſonable method which 
ſome ule, viz. to cover ſome of the inlets of 
their green-houſes on all fides with canvas, 
and in extreme cold weather with ſhutters 
made of reed or ſtraw, through which the 
air can only pals in little ſtreams: the like 
contrivance would probably alſo be of good 
ſervice to puriſy gradualiy the thick rancid 
fumes which ariſe from the dung of hot-beds, 
and are often very deſtructive of the tender 
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plants: this is to imitate nature, which, while 
ſhe provides for the defence of living creatures 
againſt the cold, by a good covering of hair, 
wool or feathers, at the ſame time ſhe takes 
care that the air may have admittance thro” 
innumerable narrow meanders, in ſuch quan- 
tities, as may be ſufficient to carry off the per- 
ſpiring matter. 

I have here, and as occaſion offered, under 
ſeveral of the foregoing experiments, only 
touched upon a few of the moſt obvious in- 
ſtances, wherein theſe kind of reſearches may 
poſſibly be of ſervice in giving us uſeful hints 
in the culture of plants: tho' I am very ſenſible, 
that it is from long experience chiefly that 
we are to expect the moſt certain rules of prac- 
tice: yet it is withal to be remembered, that 
the likelieſt method to enable us to make the 
moſt judicious obſervations, and to put us up- 
on the moſt probable means of improving any 
art, is to get the beſt inſight we can into the 
nature and properties of thoſe things which 
we are defirous to cultivate and improve. 


